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PLATE I. 

Fire-place of a studio at Terre Neuve (Vend^), France. From 
VEau Forte de, 1847. 



PLATE II. 

m 

Fire-place in a peasant's cottage in. Brittany. The abode of the 
farmer often consists of a single room on the ground-floor, in which 
it is no uncommon thing to find the beds of eight or ten persons, 
the room serving as kitchen, parlor, bed-room, and cattle-stall at 
once. The room shown in our plate has been somewhat modernized, 
the colossal fire-place and mantel alone preserving its original ap- 
pearance. The woodwork is of the period of Louis XIV. or XV. 
The cut is from the Revue ijenerale de V Architeclure et des Travaux 
Publics, 1873. Vol. xxx. 



PLATE III. 

Fire-place in the Council Chamber of Courtray. Elizabethan 
style. 



PLATE IV. 

Fire-place and chimney in the *' Salle de Mars,'' Chsiteau of 
Francois I. at St. Germain en Laye, France. From Sauvageot 
'* Palais et Chateaux de France." 



PLATE V. 

Gothic mantel of stone in the Guard Chamber of the ancient 
palace of the Dukes of Burgundy at Dijon, France; fifteenth century. 
The style is late Gothic or Flamboyant ; the decorative screen work 
is designed to screen the pyramidal flue of masonry behind it from 
sight. There are several ancient Gothic fire-places with pyramidal 
upper part existing in England, but they are all undecorated. In 
France, a small concealed place or chamber was often constructed 
behind the fire-place. The Duchess de Berry and her attendants 
were captured in one of these hiding places, having crowded more 
into it than the place was intended to hold, and the soldiers having 
made a large fire in front of them. The cut is from The Builder. 
London. 1847. 
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PLATE YI. 

Turkish fire-place at Keresoun. This specimen of the Oriental 
Art of the seventeenth century is in the Pacha's Palace in the city 
of Keresoun (ancient Cerafonta), which stands on a rock on the 
southern coast of the Black Sea. 

The entire central frame of the fire-place is of a hard grayish stone, 
somewhat resembling granite. The decoration of the mantel and of 
the two sides, or^wings, ornamented with niches, is moulded plaster- 
work vigorously retouched with the chisel. The whole is fitted in 
the wooden facings of the walls, which are garnished with divans and 
cushions. The climate of this country demanding often a speedy 
and bright flame, the fuel is ])laced vertically, as in Persia. The 
lighting is eflf'ected bv means of dry aromatic herbs. From U Art 
pour Tous^ for 1861. 
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CHAPTEE T. 

THE OPEN FIRE-FLACE AS IT IS. 

That Great Radiatoii of heat to all living beinjja, tLe sun, 
\ furnishet those beings with the kinil of beat best Buiteil to support 
the life whiuli ic has ilevulopeil, namely, that o! direct railintion. 

II ire would only accept this lesson, repeatci) every (lay, as if for the 
purpose of giving it all possible emphasis, in b manner Ihe most Im- 
pressive and with sppiiratus the most niagnihcent that naturu ttm fur- 
nish or the mind of man imagine; if we wontd accept the lesson, and 
endeavor to heat our hausi's aflcr the aume principlufi, these houses 
I might be made as healthy as the open fields. We should be prompted 
L to redpect more the open Jire-plai-u, as furnishing the best substitute I 
L for the life and health giving rays of the sun, and to disciu'd all such i 
F systems of heating as are opposed in pnnelple to that employed by 
('nature. 

With direct radiation the body is warmed, while the air lireathed is 
tool nndreireshiog. With the hot-air prindple of healing tlic reverse 
[^ie the tsase, and it is found thiit, when ihia unnatural method is long 
:be total exclu>iion of the natural, serious disaomlbrt 
e the resulls. That warm air ia less effective than cold 
in purifying the blood by removing the carboniu acid from the lungs 
is demonstrated both by our own experient-e and by the investigations 
of icience. Experiments made on birds and animals have shown 
that the amount of carbonic acid exhaled when breathing air healed 
from 30= to 41° Centigrade (afiotolOG" F.) is less ihan one half that 
exhaled when the temperature is near the freezing point. 

The open fire, while it radiates an agreeable heat upon our bodies, 
animating us with a cheering and healthy glow or excitement, like 
that produced by a bright sun on a frosty morning, leaves the air 
comnaratively cool, eoncenlrated , and invigorating for breathing, 

Now, although from the earliest limes otwhich we have record tile 
open fire-place seems to have been the favorite device for heating 
and ventilating the habitations of man; although no modern house is 
COBBidered complete without it either for ute or for ornamecit.-., ^- 
diough the physician regards it aia iaoet'v»\vANi\««.^';~ W>)m? vm.^'usT-^ 
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of disease; and iiltliougli its improvement has at all limes claimed 
the attentian of tUe iiiuiit distinguished scientists and philanthropist!!. 
as vrell as of the practical mechanic; yet we find it to-day so little 
underelooil and (generally so incorrectly construeted that nt least 
eefeti eighths of the \\K*t of the fuel ia lost, and its capabilities as a 
ventilator are almost entirely neglected, so that our fire-places may 
l>e properly described as devices contrived la the interest of the coal 
merchant for the purpose of carrying np to the roof, in the form of 
srooke, the greatest possible amount of money, and of IfaTini; Ihu 
smallest possible amount of comfort behind. My definition of the 
word "chimney" would be this: A long tube open at both en do, 
the lower opening, called a " fire-place," being used to receive fuul 
and to emit amoke ; the upper, to direct upon the roof from ei^lity- 
five to ninety-five per cent of the lieat and smoke (reiiurated bHow ; 
generally so constructed as to CitiTy oS as niuch of tliu warm air of 
the room as is pure enough to be lireatbed, and cause lar^ ilraughia 
of cold air to supply its place by rushing across the feet of the Occo- 
panta in the manner best calculated to ^ive them rhuumatiflm, cob- 
gum]ition, pneumonia, and other disi 



added to <ib-ti 






In the city of Paris, according to SI. V. Ch. Joly, there are nswi 
annually, for heating purposes, over 500.000 cubic meters of tire 
wood alone, costing about tweniy-live million irancti, and of tliin only 
eight to ten percent, or in value about two million francs, are actually 
turned into serviceable heat. The remainder, to the value of about 
twenty-three million francs, annually ilisappears in the air without 
profit to any one. "What must we estimate the total amount of i 
nual loss," says an eminent writer on ventilation, " in fuel, lH>th of 
wood and coal, throughout the entire world, when we consider that 
the open fire-place is used to-day by over fifty miiliong of people 1 " 
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The " Rncydopiedia Britnnnica" has nn ventilation the follow- 
ing: "An open (ire-place. unless the air en'iTg from the ceiling, 
often produces liitle or no ventilation above the level of the chim^ 
ney piece, and. even then, it does not afTurd the bent and parevt 
atmosphere. The air above may be comparatively stai^nant, and of- 
fensive in the extreme from the products bi combustion and respini- 
tion, while a fresh current moves along the floor to the fire-place." 

So great is the danger from cold draughts occat^ioned by open fire- 
places as Ihey are now constructed that one is said to be less liable 
to take cold standing in the open air, with the thermotneter at freei- 
ing point, than sitting on such a 'lay in a room heated by a bright . 
open fire. So unequal is thu distribution of heat in such a room that 
■ ■-— niay be froian in one cornoi' near the window draughts, and 
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boiled !□ another ni^ar tlie fire, a 
la/st a goose in front of »uch a 
tlje chimney was freezing cold. 

" I have no doubt in toj own mind," said Count Riimford, 
thonsandB die in tliie country every ym 
> solely by this eausf." 

In short, it would be (lidieull: to point out any part of our usnal do- 
mestic edifioea wliieh would chow sueh a toial itliaenta of scientific 
principles aa the eonslnietion of our fire-platua and ehimneys. ■_ 
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heat of our fire-piatea at from 
eighty to ninety-five per cent, depending upon the shape of the fire- 
pUice, the nature of the fuel, the amount of the draught, and the size 
and nature of the flue ; but 1 have been unable to find any satisfnetory 
records of experimentii made to corroborate their statements. Thove 
ma<1e by General Morin answer most nearly, but still not entirely, 
our queations. I have therefore made a number of careful experi- 
ments, the results of some of which are given in the accompanying 

The first six experiments were made in houses built on t]ie new 
' land on Marlborough Street, and the ^ 
\ feoond series of* five on the house 
■ TSo. i Periiberton Square. lioxlon. 
' The grates, fire-places, and Hues 
tested were of the ao-called " moat 
approved" modern construction, 
and calculated to utilize the great- 
est amount of hent possible without 
I employing the peculiar or patented 
forma invented by Frnnkhn, Gal- _ 
ton. Winter, Ganger, Fondcl, Joly, j^j 

and others, little known in this eoun- 
^■'/•"■/■x '^^ ''"'' difficult to obtain and set, 

%i l^^3 fire-place and grate used in ihe second 

inclip 




kinclined forward bb shown 



of experiments reDorde<l in the ai 
coiiipanying tables are represented in front 
elevalion in Fig. 1, and in section in Fig. 2. 
The doited lines show the form of the 
back only of the fire-place used in the 
'' ' series of expet^ments, the sides form- 
n angle of 1 35 degrees with the back, 
.prove their reflecling power. In Ihe 
id series the fire-place was smaller, 
shallower, and the sides were at right an- 
gles with the back, the upper half of whk.K 



Tlic entire length of the flue id this case vras seventy Cect. Half 
way up, or thirty-live feet from the (ire place, an opening was made 
in the flue large enough to receive tt chemist's Centigrade thermome- 
ter, and tlie heat was tested at this point during the experiments in 
order to ascertain the amount lost by absorption in the upper half of 
the chimney. The thermometer was aurrounded by putty lo render it 
air-tight. When the readings were taken it was drawn out through 
the putty far enough to see tLe head of the mercury column mid then 
pushed back into its place. These readings were recorded by an as- 
sistant in columns 6 and 16 of the tables. 

For want ot spat^e only two of the tables are given, the others 
Agreeing substantially with them, and the results being nearly ihe 



The anemometer used was one of Casella's moiit delicate instru- 
ments, lately imported from London. A careful test previously to 
making the exp^jrinients proved it to be exceedingly accurate and 
reliable. Where possible the observations were made every minute, 
but where ihis was impracticable tlie intervals were made as small as 

eossible, and the figures for the intervening moments were obtained 
y calculation. The amount of wood burned in each experiment was 
exactly three kilograms.' 

From these tables it will be seen that the amount of heat dissipated 
in the open air through the mouth of the chimney from the combus- 
tion of 3 kilograms of dry pine wood is Buflicient to raise the temper- 
ature of nearly 16,000 cubic meters of air 1° Centigrade, according to 
the first experiment, or 16,980 cubic meters aecording to the second 
experiment; £■'''"8 an average of 16,488 cubic meters miaed 1". 
This is equivalent to 5,070 units of heat, or enough to raise the tem- 
perature of over 5 tons of water 1° C, or to raise 60 kilograms of 
water from freezing to boiling point. 

The greatest po.i^ible amount of heat which 3 kilograms of dry 
pine wood is capable ot yielding being, according to Riimford, 3,530 
X 3^ 10,770 units, we see that one half of the heat generated passes 
at once up through the chimney and out at its moulh. Of the re- 
mainder we shall hereafter see that about four-fifths is absorbed in 
the brickwork, and either given out from the surfaces of the outer 
walla, or (.'arried up in the air space between the studding and the 
brickwork to the roof, whence it radiates Into space. 



ea adopted by XDOnt of 
me(«r = 35 cubic heC. 
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'I'he Open Fire-Place. 

By columns 2 anil 1? we see tlint before tbe Grc is ligliled a venti- 
lating ilmught of 73 meters per minute is tau«ed by a ililT'ereace of 
but 2 or 3 liegreea in tlie temperature ot tbe air in tbe cbimtiey flue 
or bouse, and (bat of llie outside air. Rut ^ tbis -diflVrenee inereases 
after tbe lire is lighted until it reaches 70° and "6°, as given in 
columns 4 and 14, we find the velocity of the draught rising to 286 
meters per minute. Tbus we have a ebininey throwinj; out hot air 
raided nearly to the boiling point of water at the r^te of 2S5 meters 
or nearly 1.000 feet a minute ! Yet in some of tbe ebimtieys tested 
on the Bai'k Bny the waste was found to be muib greater, one ihim- 
ney giving out bested air at the rate of over 1,G00 feet pur mioute 
raised to about tbe boiling point I What might the saving he, if all 
fnis bented air could be separated from llie smoke, partially cooled by 
diluiion wiili fresh cool air, ntid drought into the Louse for use I 

Returning to our table wO find by eolumns ti and 16 the tempera- 
ture of the draught at tbe middle of the flue and, by calculation, an 
avemge of 88d heat units absorbed in the upjicr half of the chim- 
ney. 

Now we know that the heat generated by our fuel is of two kinds, 
of which one \i given up to the air supporting combustion, and 
passes entirely away vrilh this air up chimney in combinntiun with 
smoke and vapor ; while tbe other, and by far tbo smaller part, Is 
s«rit olf from the fire in rays in all possllile directions. This latter 
part may he considered an uncomhine'l heat, or beat combined only 
with li>;ht as distinsuisbed from that combined vith smoko and air. 
Thus only the radiated hent of the fire is used in our rooms. The 
experimentsofPecict show that the radiatingpower of wooil is, under 
tbe best possible circumstances, when the r.iys are all collected, only 
S3 per cent., leaving 77 per cent to puss off with tbe air of contact. 
Therefore .23X10,770^2,477 utiits r.idiated in the ease of our 3 
kilograms of wood. 

e-third of these rays, or in our 
room, the rest falling upon the 
biic-k, sides, or bottom of the fire- 
place, or entering the flue through 
tbe throat of the chimney. 

In the fire-place repreeented in 
figs. 1 and 2 (i-ee page 3, ante) 
the back measures 2,500 aq. cm., 
the sides 500 each, the bottom 500, 
and the top 360, as per accompany- 
ing diagram, making in all 4,360 
s(j. cm., against 2,500 for the open- 
ing in front, ft> that the rays ta- 
lering the coom directly amount to 
taMin i'i •"■' considering tlie portion 
intercepted by the grate, to about 
IB than 8 per cent of the entire beat gen- 
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The Open Mre-Place. 7 

To this 8 per ttnt must be adiied sotnellsing for the relurn railia- 
:ion from tlui brii'kwork, becniuee, tiUliou;;li il Iari;o portion of tlii' ra- 
diated heat, strllting the wnlls of the fire-place, ie earripd off by con- 
tRut of the cold air entering the ebininey undar the influence of tlie 
^IfHUght, whiL'li, as Tre have seen, aniounls to from fire to fifteen liiin- 
clreil feel a minute, nnil part i" abnorbed by the brieliwork, yet a cer- 
1 portion is returned fay radiation nnd refleetion inio tbe room. A 
simple calculation will give ub the amount accurately enough for our 
pnrpoaca. The fire-place rupreisenteii in our figures being small and 
l)1ai'kened with smoke on its siilea aa well as hack, no mfleeled heat 
(Muld be eoonteil upon. Moreover the radiating power of these walla 
bein? inversely as their relleeting power, wliat we loae in reflection we 
shall gain in radiation. The surface of the hack, sidee, and bottom 
measures 4,000 eq. cm. According; to Peclet 1 sq. meter of brickwork 
radktes 3.G9 units of heat per hour for 1° C. dilTerence of tempi'rature 
between the radiating and the receiving Burfnces. Therefore 0.4 so. m. 
would radiate 1.44 units per hour per 1° C. The temperature oi the 




wnllsof the lire-place is shown in the second column of Table II., ther- 
niometers being placed in different parts of the hack of the fire-place 
and the average temperalure being taken. While the fire ia burn- 
ing brightly, the railmtion from the walls of the fire-place would 
lie pntlially intercepted by the fire itself; but taking the average 
temperature of 'these walls during the first twenty minutes i~ 
220° C, and supposing that only one half the radiation of thes 
walls was intercepted by the fire, fuel, srate, etc., and finding ' 
20° C. to be the average temperature of the objects in 
we have ^ = 100=. 
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bein^ acL'ording to the table 210°, we hnve 210 — 20 =; 190°, from 
whluli ne have, by i^xkulating as before, 27.3 units railiated. Con- 
tiniiini the caleuktion in this way for ench portion of the tima, we 
have, for ihe total amount of radiation froin the walla of the fire- 
place, 270 huat units. 

Of this wu mny aasume that one half was radiated into the room 
and the other half lost, and we have lii5 unitB (= ^^ or ^ of the 
radiatt'd heat striking the walls of the fire-plate) returned into the 
room to be added to the 826 unite, or S per cent, of direct radiation. 
This gives Sfii units, or a little less than 9 per cent of the whole heat 
generated, for our result. Acuordiog to Feclet oniy G per cent is 
realki'd instead of tbU 9 ^rcent- 

Aa for reflected heat, under certain elrcuni stances a small amount 
may be added to the above results when the sides of the fire-place 
are kept white, or are tiled and of Ihe proper inclination for reflect- 
ing the rays. Inaaraucli, however, as the radiation diminiEhes as 
the reflection increases, this may here be neirlected. 

Diicliit'a exijerimcnta show that the radiation from heateil bodies 
is much greater in proportion at very high temperatures than at 
moderate temperatures. But we have not addeu anything to our 
figures for thic, becauae we consider it more than balanced by losses 
in other ways, such as that due to imperfect combualiou of the fuel, 
for which we have alao made no account. It is estimated that with 
the ordinary fire-place, about one eighth of Ihe fuel ia wasted in un- 
consumed smoke. 

Our 9 per cent ao far found must, however, again be modified, 
in conaideration of the heat taken from the room by ihe cold air en- 
tering the iloors and windows under the influence uf the draught. 

In our case we haVe by Table I. an average of 833 cubic meters of 
air, which must have pasiicd through the room and into the fire-place 
from the outside. The averase tempL-rature of the room and objects 
contained in it havinir been raided one degree by the combustion of 
our three kilugranis uf wood (Ihe doors anil windows having been kept 
closed during ihe experiment), we have 833 X 1 X 1-23 X -W ^ 
258 units, or^S; ^ about ^ of the whole. Deducting 258 from 961 
we have 703 units, or only 6 per cent of Ihe boat generated by the 
fuel, forihe total amount of heat which can possibly be utilized from 
wood fires under the best condilioa!) and moat perfect form of ordi- 
nary fire-place, to say nothing of the fact that where the rooms are 
E provided with the so-called ventilators near the celling, even Ihis 
ittle heat is carried off almost as fast as it is formeit I 

Deducting from the 10,770 units generated by the fuel the 703 
units utilised by radiation and the 5,070 units escaping Ihrougli the 
chimney mouth into the almosphcre, together with the cl|j;1i<h lost in 
unconsumed smoke, capable of generating 1,3-10 units, we have 3,(tfiO 
units for the amount absorbed in Ihe brickwork. Of this nearly 
1,000 units were absorbed in the upper half. The remaining 3,680 
must have been taken up by the lower half. Tn these experiments, 
however, the flues were cold ut the outset and the absorption on the 
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part of the masonry was at its maximuui. In winter, nhfin tlie 
are kept constantly heated, but little ia ^ibsorbe'l by llie brick* 
. its pover of absorpLion bein^ limited by the low conilueling 

poner of tha material, aail the amount lost at the top of tbe chimney 

» correspond ingty greater. 
With coal fires mure of the heat of combustion is utilized. Buppoa- 

Ing that, under the best of circumBtancea and with coal having the 

Seatest radiating power, we adopt the figure of Feclet of 50 per cent 
r the radiating power, we have, as before, -50 X i + (| X i)-50 
=^.24- From thia 24 per cent deduct, aa before, oue quarter for 
'""" itnoont returned up chimney by the draught, and we have 18 
ent for tl'e total aiiiouut Litili;!ed, under the beat posaiblo tircum- 
es with the best possible fuel. According to P^clet only 12 per 
instead of IS percent is realized from a coal lire. 






ir e.tperinienta present the following curious re 
Our three kilograms, or S^ pounds, of wood si 
average temperature of our room less than one degree Ci-ntij 
althouiih the heat generated by the wood was sufficient to raise the 
tempernture of 14 rouma of equal ^ize from freezing to GS° Fahren- 
heit. {The room measured 20 X 20 x 10 feet.) 

2. While our fire-place was onlv sufficient, with three kilograms of 
dry wood, to maintain the temperature of the room at 1° C. (suppos- 
ing the outside air stood at 0° C.) for a few minutes, the heat actu- 
ally f;enerated was sullicient to maintain the temperature at n little 
below 20° C, or G8° F., and to [ms" fresh air, raised from freezing to 

1° F., through the room for ventilating purposes at the rate of one 
<;ubic luetre a mioate for twodayi of twelve hours each I 

S. Supposing again that the outside air stood at the freezing point, 

a shall see by consulting the third column of Table IT. that a person 
■or object standing 50 cms. distant from the fire would have been 
jwated by radiation up to 750 — 20° ^: 55= C, or 131" F,, while tbe 
air flowing by him into tbe fire would have stood scarcely a degree 
xbore the freezing point. At this du>tance three men would intercept 
nearly all tbe heat of the fuel, and all other parts of tbe rootn would 
<ChI1 to th« frecBlng point. Tliia radiated hcHt iteelf would last at 55° 
only about five minutes, when it would fall 15°, after which it would 

iDlinue to fall as shown in the table. 

At a distance of one meter, a person would be warmed only to 4S° 

■ 20° ^28° C, and six men would appropriate the greater portion 
of ibe heat of the fire, which would last, say, five minutes, and then 
(oil 0°. At a distance of two meters a person would be warmed 
(acconling to another experiment not here recorded) only 7" C., and 
M a distance of four meters only about 2" C. But if lie happened 
to stand anywhere in the room sheltered from tbe direct radiation of 
the fire, be xvould enjoy a temperature scarcely half a degree abovu 
the freezing point of water. 




4. Acconling to onr table three kilot^ams of dry wood cut Bmnll 
served to give a bright fire onlj' ten minutes, and bm'ned out entirelj- 
in twenty minutes. To keep a bright fire burning, as iu this experi- 
ment, or, 33 19 done in many boiieeB in cold weattier, for a day of 
twelve hours, would therefore require 144 kilograms of wood, whiuli 
according to Rumford nre cupabla of produein^ 3590X144 7^ 
516.960, or over a half million units of heat, whit^b, if all were 
utilizeil in the proper manner, would be enough to keep the tempera- 
ture of the room up to G8° F. in freezing weather for about thirty 
days of twelve hours ea(.-b, equal to one month in midwinter, and 
give a tiiange of pure air equal to one cubic meter a minute, lieated, 
Bay, up lo 60° F., for ventilation, during the whole time, it being sup- 

Eosad that the adjoining rooms and those above and helow were in- 
abiled anil maintained at the same temperature, that the outside 
wall w»9 double »s well as the window, and that the door and 
window fitted well and wure kept closed. 

5. Finally, to raise the temperature of the room iu wliicb our ex- 
periment was made np to GS° F. and maintain it at this temperature 
during a Biagle day of twelve honra, would (even supposing the 
entrance of cold air were prevented in Bome way from increasing 
with the increftited heat of the fire) require 90 X 144 := 28S0 Icilogs. 
of wood, or Bullicient, if all were utilized, to maintain the room at 
the same temperature and adil to it a ventilation of one cubie meter 
of fresh air [wr minute raii^il lo 60° F. tor twenty months of fi^ez- 
ing weather, or, allowing three months oF such weather per year, it 
would aL'complish the heating and ventilation of the room for oner 



What now would be the action of a iiro-placu and Hues ideally 
perfect ? 

Ideal perfectioci would imply ; — 

1. Tiittt all the heat generntttd by the combustion of the fuel be 
utilized in heating and ventilating the house, aud that the combustion 
ot the fuel be complete. 

2. That the supply of fresh air intro<]uced into the house to take the 
plate of the foul air removed be guaranteed perfectly pure ; warmed 
in winter to a temperature Bomewliat below that of the room ; moist- 
ened enough to give it its proper bygi-ometriu condition ; abundant 
enough to supply amply the fire and the occupants ; so distributed 
and located at its entrance as to cause no perceptible draught at any 
point ; the gentle nir current so directed that it shouM reach every 
part of the room ; bo steady that no part of it should pass over the 
same spot twice or be twice breathed by the occupants ; and so regu- 
lated by simple valves as to be under perfect control. 

S. That the flues inclu<le a special gas ventilator so arranged that 
all the heat generated by the combustion of the gas should be re- 
tained in the room and utilized, while the injurious prodncta of com- 
bustion shoald be carried off. 



I 4. That a complete ventilation of tbo rooms be eflticled, botli in 
r Bummer and in winter, without opening doors or nindowa. 
I 5. That the cbimney never smoke. 

P 6. That the construction of the fire-place ami flues he simple, 
I dumble, inexpeni-ive, safe, and unobjectionable in appearance. 
I The open fire-place as ordinarily constructed, so much overeati- 
I mated as a ventilator, satisfies the requirements above enuintraCed 
f to the following extent : — 

1 1. Only fron five to fifteen per cent of the heat generated by the 
I fuel is utilizbii In lieatincr and ventilating the house. It mnst he 
I borne in mind that lliat ia not ventilation which provides only for 
I the outlet of the air and ignores the inlet, and that a hundredth pnrt 
t of the heat of the fuel would h« ample to abstract the had air far 
I more efficiently, if properly applied, iliao is done by the eii;lity-fivB 
[ or ninety-five per cent now used. 

I 2. The air introduced to take tlie place of the foul air removed ia 
I not guaranteed pure, but its purity or impurity is left entirely to 
[ chance. If the windows are liiiht, the fire draught will be supplied 
from the halU, neighboring chambers, or even water-closets anil 
toilet rooms, or, in other words, from soil and drain pipes, bringing 
poisonous gases and perhaps disease into the house ; or, if disease be 
already there, distributing the noxious air from the sick-chainbcr into 
other parts of the house. 

It the windows are not tight, the air entering will be too cold in 
I winter, too hot in summer, and always loaded with whatever dust, 
I dampness, or impurity may happen to be in the outer air, to the det- 
iment of the lungs as well as of the furniture of the inmates. 

Or. finally, if both doors and windows are cloFed and tight, as may 

lometimes happen wiih careful carpentry, and especially at night in 

led-rooms, either the air must come in through the chimney itself, 

1 causing the fire to smoke, or else no air is admitted, and sufibcatioa 

I is tlie result. 

The history of ventilation furnishes numerous sad cases of such 
Ifaffocation, cases where tbo smouldering fire and the sleeper, ren- 
ftdered insensible by smoke or gas, have evidently long struggled for 
I'Ufe before either or both succumbed to the want of air. 

We may add here that even when the supply of air chances to he 
I pure enough, and abundant enougli, and warm and moist enough, 
I Bad otherwise satisfactory in its quality, it is still utiable to ventilate 
I die apartment properly because it is drawn directly up the chimney 
Kbefore it has had time to receive the necessary amount of beat to 
I cause it to rise to the level of the heads of the occupants; while the 

■ impure air formed above the level of the mantel, and healed by the 
llungs and by the ^as burners, rises to remain a long time in the 

om and he breathed over and over again. Or, if special openings 
_e provided above to carrv off this upper stratum, what little pure 

■ flir warmed by contact with Ilie walls, liented by radiation, manages 
K'tc rise above the mantel, is, as before said, carried off with the im- 

> almost as fast as it is formed. Thus it ottttD. 
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large fire-places and flues that the cold air enturs faster than the 
warm air is prwluced, so that the more the fuel is piled on and the 
fiercer the fire the more powerful become the freezing draughts and 
the lower the temperature of the room'. 

3. The gas burners are seldom properly ventilated and sometinies 
not at iill. Breathing foul air is as injurious ax drinking foul water, 
yet, white we vould shrink with disgust from the idea of drinking 
water into which the drainage from onr houses was known lo flow, 
we allow our gas burners to pour forth a continual stream of carbonic 
acid and other poisonous gases into onr small reservoirs of breathing 
air, already sulliciently polluted by the eshalations from our bodies 
and lungs, without giving the matter a pitssing thought. 

i. Complete ventilation in summer as well as in winter is, under 
the average constrnction, impossible without opening doors or win- 

5. The chimney often smokes. 

6. In one respect our (ire-places and flues appear to approach the 
ideal, and that is in their simplicity, but is it not the simplicity of 
ignorance rather than that of science ? 

In order to be able to judge ns lo how far we may expect to ap- 
proach our idea!, it will be necessary first to familiarise ourselves 
with soiue of ihe most important devices already tried or recom- 
mended by tliose who have given the subject most attention, and to 
study the caoses which have thus far rendered their adaption ea 
limited. 

Many of these devices appear so excellent that it is hard to under- 
stand why they were not seized upon at once. But we munt bear in 
mind that the majority of the public are aware neither of the waste 
of fuel ihey actually experience, nor of the importance of good ven- 
tilation. The style anil color of the grate and mantel are of more 
importance than the construction of flues and all parts which am 
out of sight. That the pattern and color should be in accordance 
with the latest fashion is more important than either; and to expect 
fashion to yield to uiere sanitary considerations would bespeak 
ignorance ot one of the most marked peculiarities of human nature. • 

Then too we know how prone every Yankee builder is to avail 
himself of his liberty " to follow his own noBe l)y way of a guide-post 
■ in the matter ot a little science," and how loath he is to leave the 
beaten track. 

These iron side rations, and the fact that many reject on principle 
all novelties, on account of the difficulty of distinguishing the good 
from the bad, are sufficient to reader any persistent eiTort to improve 
our time-honored forms of building conalmction most onerous and 
discouraging, and it would be folly to expect even the most evident 
improvement, in a matter of this kind, to meet with anything more 
than a alow and partial recognition. 
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CHAPTER ir. 

HISTORICAL. 



It i 



nrkable tlifit, while the o 



s open fire-place wae one of the 
earlieot contrivaneea invented to contribute to the health anil comfort 
oC man, the upright line fur cnrrying off the injurious products of 
uombmition should liave remained one of the latest. 

It is true that the principle of the modem chimne)' wm probahly 
understood long before the practice of constructing it became gen- 
eral, but it was fio rare an object, even in the aixtcenlh century, aa to 
have excited the surprise of Lclaod, who, speaking of £olton Castle 
iDhis"DDnieBti(! Architecture "tlmsexpresseii himself: " Onelhynge 
X muche notyd in the hawle of Bolton, how chimeneys were conveyed 
by tunnells made on the syds of the walls betwyKt the ]i<;lits in the 
hawlc, and hy this means, and hy no covers, is llie smoke of iha 
harthe in the hawle wonder strangely conveyed." 

Acconlini; to Feclct, chimneys appear to have been unknown to 
writers of the early part of the fourteenth century.' But, once in- 
troduced, their merits appear to have been rapidly appreciated, i 
Me find it stated that in the rei^n of Queen Llizabelh, apolc 
were made to visitors if they could not he accommodated with rooms 
lirovided with chimneys, and ladies vrere frequently sent out to other 
liODiea where they could have the enjoyment of this luxury. 

Thus the general use of the chimney is quite recent, and it was 
not until the time of Savot, Franklin, and Gauger, that we have 
I TOCord of any serious attempts to combine the cheerfulness of an 
\ Open fire-place with the economy of an enclosed stove. 

The science of the proper ventilation of buildings is still more 
rec«nL "Till the discoveries of modern science," says Dr. Ruid, 
" revealed the nature and composition of atmospheric air, and the 
k nciprocal action that ensues between it and the blood, the architect 
was, in respect to this question, like a traveller without a guide, and 
had no distinct appreciation of the position in which man is placed 
in respect to the atmospheric ocean in which he lives." Even where 
these facts are understood hy scientific men, the great mass of the 
people still remain in ignorance of tliem, and the rough treatment to 



pologies 



'face. 

which our lungs am subjected in the form of drau<;bts, poifiaam^ by 
vitiHted air, elucI Buclilen i^hnngtis of Umiierature, often inducing fntnl 
diseMSB of the organs of respiration, — diseases which might be pre- 
vented if the elements of physics and hygiene were more generally 
taught, — shows hovr littlii the value of pure air is appreciated by 
tlie public. Tliifl want of knowledge and appreeialioa of the sub- 
ject explains in & measure why the progress of improvement is s 
(fj,g .,..._ ..__ ,..__ .__ _._.. ... 




atmosphere apparently pure and iranpparunt, as veil as agreeable to 
the senses, mav be filled with (he most subtle poison. A hundred 
years is insuMcient to work a revolution in the babits and prejudices 
of men for the sake of a thing which ibey can neither see, smell, feel, 
hear, nor understand. 

What progress has been made will be seen from the following 
historical sketch. 
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In tlie nHrliest ngcn the uhimncy iMJnsiated of the entim hou^t, tbe 
6re being buiU in tlio miildlit cF the buitdrng or hut, ami the Bnioke 
efcaping from the roof, ati ia shonn in Fig. 4. Barbnroufi ai this 
airangeuivnt may leem, it nuvurtbelces lias cenain aJvantiist^B we 
ahoulu not lose night of in making our iniproveiucnts. The heat of 
the fire is utilizeil to a far greater extent than ia the ca'c nith that 
burning uniier our modern uhiiunuy. All the radiated heat ia oh- 
tained and a large part of the heat of contact of air. As a ven- 
tilator it ia superior to our moilem appnratus, aince no impnre air can 
main for a moiiiunt in ihe rooui, and the cold draugbta enliTlng are 
it drSiWn In a in^le pot limited hy the height and aiz of tht man 
1 aa with lie and being therGfore less (.onLentratcd are leas dan 

inner of disposing oF Ibe nmoke it la of conrae inferior 
withstinding the staleniLnt of llit owner of the hunter s eabin 




repreaentf I in ihe aitomj injing skPtch that the smoke never 
troubled htm in tlie moat unfavordhle weather 

At'entrol flue con trui^Ceil of atiLks smeared on them iile wiihmud 

IT clay and descending from tbe opening m the roof to wttliin a safe 

distance of the fire below would improve the draught ntid prevent the 

wnoke from blackening the root, though nt the ex[>enBe of some of 

ihe heat. 

The next step made to improve the dr.iught hy means of a flue la 

, described by VioIlet-lB-l)uc, in Ida " Hahitationa of Mau," Fig. 6. 

[ But the description must have been purely imaginiiry, aa no evidence 

I exists of tbe use of such flues at the early age indicated hy the writer. 

[ The fire was in this cai^e supposed to he built against the wall of the 

Thus a large part of the radiated beat of the firB>K»».«a.^sffi. 



PLATES. 

YII.-XIII. 



> 



I 

1 



PLATE VII. 

Bed-chamber in a chateau of the fifteenth century. The chimney 
breast is overloaded with sculpture, as is also the furniture, and the 
entire finish of the room, characteristic of the Gothic style in its 
decadence. From Viollet-le-Duc's *' Die tionn aire du Mobilier Fran- 
9ais." 



' 
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PLATE VIII. 

Stone fire-place in the Hotel de Ville of Lyons, France. Seven- 
teenth century. From E. Rouyer, *' L'Art Architectural en France.** 



\ 



PLATE IX. 

Fire-place in the style of the French Renaissance. Built in 1567. 
From VA ri pour Tous. 









PLATE X- 

Fire-place in the Persian drawing-room of the house of M. le 
Comte Branicki, Paris. From the Encyclopedie d^irchitecture. 



' 



\ 



PLATE XL 

Wooden fire-place in the bed-chamber of Louis XIIL, king of 
France, in the Chateau of Cheverny (near Blois, France). The 
picture over the mantel represents a scene in the history of Perseus. 
Conducted by Minerva, he petrifies his enemies by showing them the 
head of Medusa. The small tablet on the facin^r is made of mosaic 
on a gold ground. It represents children playing with the head of 
Medusa. Other scenes in the life of Perseus and Andromeda are 
painted on the ceiling and over the doors. The walls are covered 
with magnificent tapestry, of which a part is shown at the right and 
left of the mantel., From ** L'Art Architectural en France," Vol. L 
By E. Rouet. 



PLATE XII. ' 

Dining-room fire-pla^e designed by IVIr. Escalier, architect, Paris. 
From Lp Moniteur des Architectes for June, 1880. 



) 



platp: xiii. 

Fire-place in a bed-chamber in the Chateau de Tanlay, France. 
From Sauvageot, " Palais et Chateaux do Franco/' 
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n the proportii 



\ 



corresponttiDg change 
beat ihereby IobC. 

Gradually, for the purpose of avoidiag lateral c 

Smba were built on each side of the (ire, to direct the air upon the 
el, and the chimney flue was brought down to within n few feet of 
the Are. By this step another large portion of the radiant heat was 
lost, and the whole of the heat of contact of air, without an effort to 
obtain a corresponding compensation. 

IIRAZIKR9 AND PORTABLE FIBK8. 

Ider climates we find the portable brazier without aoy pro~ 
riaion whatever for the outlet of tlie nnioke. This system of heating 
was generally emplojjed by the Greeks and Romans. ""' ' '"" 
in Spain, Italy, Algeria, and other warm countries. 
The braziers of t^e Greeks and Romans formed f 
elegant pieces of furniture, often beautifully 
sculptured, an in FlgR. 7 and S. The Spanish 
portable bnwior, Fig. 9, in which charcoal is 
Imrned, is rolled from room to room, warming 
each in succession. By this system the entire 
heat of the fuel ia realized, but, on the other hand, 
the products of combustion, always disagreeable 
— 1. _. .j^ j^jjij highly injurious to the paint- 



ings and furniture, i 
the health. 

The combustion 



jxtremely dangerous for 



_ itained in n 

>ir. This, accordi 
cubic kilogra 
that the 




if one kilogram of coal, for 
to carbonic acid all the o\y- 
le cubic meters (or yanis) of 
J to Peclet, renders twctity- 
s of air unfit to breathe, so 
room 20 X 20 X 10 feet, or 
of about one hundred and ten cubic meters ca- 
pacity, deducting furniture, would be rendered '"''' ^' ^""" •'''''■ 
irreapirable and would suffocate lie persons 
attempting to breathe it, by the combustion of 
about four kilograms of coal, it ia true that 
heat generated liy this Quantity of tad 
' ' ■' 'idle of tt closed chamber, 
r other opening, would soon 
■ 'e the opening of the 




ye. The four kilogra 



luld ri 



le the 



temperature of our room to r iJ ' m. ' e.ai.axiii^ ^ 
823 degrees centigrade, or about 1500 do- 
prees Fahrenheit, which would bo nearly hot 
enough to melt brass, (In the equation, JOOO 
represents the heating power of coal in units ; 
1 .3 the weight of 1 m. c. of air at 0" C. ; and 
0.2377 the specific heat of air.) 



The real danger results from the produt 






which glres muuh leas heat. It is calculated that a handreth part o£ 
this gas in the air is gufliuieat to kill warm -blooded, animals. Hence 
tite danger of nsing charcoal for Fuel as in Che Spnnish brazier, tlie 
products of combustion heiog largely oarhooic oxide, 
ble instance of death by oliareoal fumus is given hy the suicide o£ 
the son of the celebrated chemist Berthollet. He left us a vivid 
it of his own destruction by aapliyxia in an air-tight chanibor. 



Locking the door of the 




and closing up all the cracks which, luight 
admit fresh air, he prepared a cbar- 
coal fire on a brazier, seated liimselr 
at a table with writing materiala and 
a aeconda marking- watch, marked tli« ' 
precise hour and then lighted the ohar* I 
cohI on the brazier before him. Widk 
all the method and precision of asciL_ 
lilie experiment, he recorded the vari- 
ous sensations be experienced, det&U* 
ing the approacii and rapid progress of 
delirium, and as suffocation began the 
language hecama more and more confused, the writing larger and 
more itleglbh!, until the writer fell dead upon the floor. 

In colder cliuiates, where greater heating power is necessary, tiia 
brazier is of course insufficient. In the frigid zones, however, where 
wood and coal cannot be obtained, the brazier reappears in the form 
of the smoky lamp of the Laplander and Esquimau. Hero economy 
approaches its maximum, the heating, lighting, and ventilation heiDv 
effected by one and the same inexpensive agent, namely, putrid oi& 
burned under a hole in the roof of the hnt. " The Green lander,'* 
says Tomlinson, " builds a larger hut and contrives it better, but It 
ia often occupied by half a dozen families, each having a lamp tat 
warmth and cooking, and the effect of this arrangement, according 
to the remark of a traveller, ' is to create such a smell that it strikes 
one not accustomed to it to the very heart.'" The effect of this 
great economy, however, is shown in the bleared eyes and the 
stunted growth of the natives. 

Finally, the last degree of economy in warming, if we can c 
that economy which saves fuel at the expense of health, is reached 
by the lace makers of Normandy, who work warmed hv the natural 
fires burning in the bodies of their domestic animals. They rent 1 
close sheds of the farmers who have cows in winter quarters. " Tba 
cows are tethered in a row on one side of the shed, and the laca 
makers sit cross-legged on the ground on the other side, with th^ 
feet buried in straw. The cattle being out in the fields by day, th© 
pour women work all night for the sake of the steaming waroitli 
arising from the animals. ' 

We wonder at the backwardness of the civilized Greek and Ro- 
man in the use of their tripods, smile at the Spaniard with bis bar' 
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barouB rolling ^rr^xier, pity the Esquimau with ht9 feeble and smoky 
lamp, aud sympathize irith the wretched laee makers of Normandy 
In their close and siekly atmosphere, yet all the time foi^et tliat we 
ourselves allow the air of our rooms to be impoverished in the very 
id often to an even greater estent, bj the nox.ioiig 
vapors pouring from our anventilated gas burners. 



The idea of building the fire-place against the side wall probably 
originated in England in the eleventh century, at the lime of the 
Norman Conquest. Previously the chimney couiisteil merely of a 
hole in the rouF, witli a small wooden tow(,r above to carry up the 
■moke. At the time at the Conquest, fortresses were constructed 
and the roofs used for defence, so that the (.entral opening for smoke 
rendered impossible. The fire-plate was removed to an out- 
side wall and an opening made in thia wall above the fire for the 
ige of the smoke, as in Fig. 10. The oblique opening in the 
wall gave place soon after the Conquest to the ordinary chimney- 





flue. Fi);s. 11 and 12 represent the hre-place and flue in the great 
guard room of Conisborough Castle, erett^ in or near the Anglo- 
Saxon period. 

This form of flue nnturallyled to the ordinary chimney 
constructed. The fire-places and flues were at first very lai^c. In 
France a royal edict, as late as 1712 and 1 723, fixed the sise of the 
flue at three feet wide and deep enough to admit the chimney-sweep. 
In this country we have seen old-fashioned fire-places eii;ht feet long 
and three feet deep. These caused such a draught that sere 
oecessary in the room to protect the inmates from powerful 
of cold au", but, although the waste of heat was uooTn— - — 
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1 u 1 1 of t la nir, it wiui 
1 1 tl fuel bu n (1 ilian is the 
a e P o d d u ually with a 
I oom and placed at s consld- 
ht feet abo e be hearth. Figs. 13 
' ■ " they radi- 



d 1 ]ii!> 



; gener 



a tlie n 
n I Ithough they 
d 1 pretund, ivaj 

I n fire - pinoes, 

1 I he Hir of the 

I It, tliey ; 

I a lliued to warm 

ply the person e 

u] daroiiiid them 

al d oil the lios- 

\ tabl benches built 

] 1 tf hearth it- 

If 

4 ( T E<moke, it 
u 1 liabls that 



J the fire 



I the rapidity of the 
u";ht is propor- 
lally diminished. 
h c 1 F It is ol course lher»* 

Fig, 13. Fi^«-Piic» ^|j|^['||'j_[^^'*°°"'" Ctniuiy, lom ^^ rendered less ca- 
pable of resisl' 
any impedimenta to its pnsaa^e which may be offered in the form <3 
detective construction of the line or imperfect ventilation of the apart- r 
ment. But where the flue whs perfect, and where suflieient wr *»b^ 
brought into the room to supply the plaue of that drawn up tbe 
chimney, and where the hood projected well over the fire, a tmokjr 
chimney wns found to be a rare occurrence, even witli the largea" 
fire-plaeea and with the smallent firre. 

It is the custom when one of theso ample fire-plaeea, built after the 
old-fashioned style, is found to smoke, to lay the blame to the s' 
of the opening and flue, nltlioitgh nine limes out of ten the real fault 



Virerjfiaae, 

I irill be Found to be in ad iusufiluient ventilation of the npartment, or 
I In a careless or irregular con^tmctioi) of Iho flue. Hubrard, in hia 
" Camiuologie," wrote in 175C aa follows; " Jt is surprising ibat we 
* tihould allow tbese old ehimnevs to be changed in onler to follow the 
I fashion of the daj w thout taJs nn- tbe ( i na to exi n e whether ibe 




nt I If IB as gredt as the novel y It appears that it s no Tt 1 as 
been observed, on the contrary, that of tbe few old chimneys which 
bavs escaped Temodelling, there is scarcely one which smokes. Old 
men testify to tbe same effect in regard to those which existed in 
their time, while we have no hesitation in saying of the majority of 

■» chimneys that they do smoke," 

cause of this change was tbe suppression of tbe bond wliich 
had been built and recommended as of tbe utmost importance hj 
Alberti, Philibert Dulorme, and others. The hood was dropped partly 
because it was thought to interfere with tbe decoration of tbe apart- 
ment and partly on account of the desire for novelty. Figs. 16 and 
Dnfortunately this modification involved a second which had a 
1 more injurious effect upon the beating power of the fire. The 
■moke, being no longer properly conducted to the fl»e,-»niA&. MBftaai j 
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3r the room, and the device o 
the mantel was adopted to obviate tbe difticulM'- Tliis whh done at 
firBt hj adding a, simple band of leather or of some other material 
belon the maotel shelf, then b^ mOTable registers or blowers o( 
metal, and finally by lowering the mantel and shelf itself, ithicli 
inodilicntioD in the course of the eighteenth ceotnry brought the 
fire-placo down to the form comnmnlj' met wilh in Qur day ; a form 
which, objects Labarthe, " utilizes neither the radiiiiit nor tin 





niitted heal," Still another reason was given tor the lowering of tha 

It iras urged by Serlio and Savot that this new disposition 

had only been introduced to protect the eyes from the heat of tho 

fire. It was, however, argued with all apparent reason, by Hebranl, 



that the object sought tould not in the least degree be obtaioed fc 
this means, since it would be nectssary for the purpose to give u 
chairs and warm one's self eiandiiig up. 




The hearth in the middle of tbe lia1l still existed as late as the . 
fourteenth century as a general custom. The great 1(^ were simply j 
piled on andironsi and the smoke escaped through tbe iouvre on the I 
roof. Major J. S. Campion, an EnRlisn traveller, gives the following 
description of a Spanish kitchen fire-place, showing that this rude 
form even now exists ; " Almost in the middle of the room was a 
>un;h hearth, about four feet square and a foot high, and composed 
of tiles, flat stones, pieces of iron. — anything that would not consume. 
3 burned a fire of three slicks laid star fashion, with a 
blazing brushwood heaped on them. A large wooden hood supported 
by massivo rafters caught aod conducted such portion of tbe smoke 
as did not circulate about the room to a bole in the roof furni."hed 
with a rough louvre, through which it escaped; and from a ci'oss iron 
of tbe hood hung a stout chain, terminating in a hook, by which was 
uspended a large pot full of potatoes slowly simmering." Wood 
ras the ordinary fuel till tbe seventeenth century, and this was burnt 
Q the capacious hearth, resting on the two standards or andironf, a 
ame which may have come from the Anglo-Saxon hrand-den or 
brand-iron, or from the words hand or end iron. For the large 
kitvben fire, the standards were strong and massive but i^uite V 
" In the hall, that aocient s eat of hospitaUw " Mi.^fc'Yo\0\(\wi&,' 
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were also strong and maseive, to support the weight of the huge logs; 
but the standards were kept brighi, or oruaiaented with braas rings, 
knobs, roaettes, heails and feet of animals, and various grotesque 
forma. In the kitchen and in the rooms of common houses the 
standards were of iron, hut In the halls of copper, hrasE, c 
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often eireular n plan the back of the fire place form n" one a ^ 
ment of the circle, and the mantel and hood the other. Those sup- 
posed to he of the twelfth century wore not so large as those of s 
century later, and the muntel was apt to be formed of a single piecft 
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or dE two pieces of material, as in thst of tho Cathedral of Puy en 
Telay, eliown above, or in that of Oie pruale house in the old town 
of Clunj-, France, represented in Fig 18 Here the hood is 
supported by a single curTeii timber. In this pxample the entire 
thickness of the wall is usud, the hack of the fire jilice being on a 





line with the outside of the wall, so that the masonry of the chimney 
shows in projection on the exterior. The hood is elliptical and re- 
solves itself, as it ascends, into a circular fine. On the right aod 
left are little shelves for lamps, corresponding to our modem gtiflo 
burners on the chimney breast. The low windows near the 




burned. Seats were pUced on un<i ubaut tlie Leartli, and tlie s( 
and jambs oE the fira-plaee formed together a complete atiteuhatnber 
as it were, apart from the large halls in which they wero buiit, and 
here the family united to paaa the long winter evenlnga s-nd lv!*»ii^& 
the famous legends of olden times. 




Open Mre-Plaee. 

After the thirteenth century the kitchen, farming part of the main 
house, and no longer a separate establishment in which whole sheep 
and oxen were cooked at one time, was furnished with one or more 
of tl be n assive fire platee of which Fig. 2(J furnishes a beautiful 
example It belonn^ed to the Abbey Blanche de Mortain, was built 
of gr n te and Btill heirs he arms of the abbey and the triple pot- 
han^e w I the i on plate bebini! ihe fuel. 

p er at a I, thu hood resting on heavy corbels of 







granite, 



the thiclcneas of tlie 



Up to the fourteenth century the fire-places of private houses and 
chSteaux were generally of great simplicity, and it wag only later that 
we see any attempt at decoration. 

Fipa. 21 ntid 22 represent two fire-places of the fifteenth centory, ' 
with jambs of stone and hoods of wood jilastered and curioiisly deo* { 
orated. Tliey are in the little town of Saint Antonia (Tarn-et- J 
Garonne). 



Pig. 23 gives a section of the first fire-place, fliowing the ci 

tion of the hocMl, which stanils i.77 [iieters 

Othout 5 feet 9 inches) above the hearth. 

Fig. 24 gives a, deiail of a lower corner ot 

the framework. Thehood, being plastered 

and having therefore the appearance of 

stonework, eeemed to the eye too heavy to 

be BeU-sitataining. The artist has therefore 

taken the pains to i^arve upon the surface 

heavy i^ables. in the hopes of being able 

thereby to dimiDish in a measure this dis- 

Bigreeame effect of weakness. 

The second fire-place is more profusely 

decorated, and chains are added as well as 

man-power on the right and left, to assist 

(he cable in supporting Che heavy liuod. 

Fig. 35 represents one of the richly sculp- 
tured fire-places in the Chateau d'Arnay- 

le-Duc, of tlie sixteenth century. It is 2.50 

meters long by nearly 2 meters high, and 

stands in a room 4.20 meters liigh. 

Chapterllt. contains a figure uf theareat [ 

fire-place in the Council Chamber of Cou 

tray, built in the Elizabethan style. Al- 
though decorated with the finest sculpture, 

it has nevertheless a bold and massive as 

well as a higldy picturesi^ue effect, and 

must be considered as one of the most 

beautiful examples of its style and period. 
The fire-places thus far described have 

not exceeded eii;ht or ten feet in width. 

When very large halls or saloons in palaces 
r public buildings were to be heated they 
■ forty teet, f 

and were decorated in a most sumptu- 
ous manner. In this case, however, 
it was necessary to support the man- 
tel by intermciliate piers, as shown 
in Fig. 2e. When these piers ex- 
tended from the front to the hack 
tliey formed, under a single mantel, 
separate fire-places, each having a 
distinct Sue of its own, as shown in 
Figs. 27 and 38, the former being 
from the Chlteau de Coucy, France, 
and the latter from the Grand Hall 
of the Palais des Conites of Poitiers. 
The subdivision of the opening and 
flue into seve.i:a.\. ^ai\» VsA, oOiwet d^s- 





porting the mantel. The ties or withes strengthened the walls, and 
the draught of each waa materially improved by having ita own small, 
independent flue. When the fire was first lighttii, or when less than 
the ordinary amount of the heat was requiriid, it wns possible to t 
fine the fire to a single Mctioii. By this arrangement each part, 




besides havinj: suffiuient draught of itself, served also to lioat and 

e that of the rest. 

Tlie fire-place represented by Fig. 2S was built in the fiftaentli 

century, and occupies one end of the hall in which it stands. " It 

IB," says Viollet-le-Duc, "no les.i than 10 meters long and 2.30 , 

meters (7 feet) high under the mantel In the interior of iha 

puhhc buildings as well as iu the szt«rior, the Middle Age undei 



ypenj 

stood how to produeo imposing effects of arcliitecture, whieh mak« 
the treatmBnt even of our most important iiiodern buildings seem 
weak aad iuaignificatit by coiupariBon. 

" WTien ihe counts of Poitiers, in ihuir grand roljes of stale, sat 
enthroned in Ibin hall, surrounded bj' their officers; when iiebind the 
feudal court blazed the three fires on their three beartlia; and when, 
to oompleto the piuture, the asBistants were seated on benebes before 
the gorgeous windows above the mantel, one can imagine the respect 
that a scene of such nobility and grandeur ought to have inspirol 
iu tbti mtuds of the vasa^tls a)^sembled around the court of their lord. 
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fire-places of the 
il, open to the objection of 



Intoresling and beautiful as w 
5Iiddle Ages, they were, ns then 
being too expensire for ordinary uae, both 
liir^B consumption of fuel. For tbe majority oE our modern rooms 
thvy would l)e altogether out of projtortion in size, and about aa much 
in place as would be a smeltir.s furnace for a domestic oven, or the 
crand portal of a cathedral for Ihe entrance of an ordinary dwelling. 
Their capacious throats engulfed huge quantities of air from tlie 
room, — much more than waanecessay to support the combustion of 
the fuel,^ — and, as this air could not conveniently be allowed them, 
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PLATE XIV. 

Fire-place in the castle of Heidelberg. 



PLATE XV. 

Fire-place of the " Salle des Gardes," at the Chateau de Corma- 
tin. Seventeenth century, Louis XIII. From VArt pour Tons 

for 1807, isr.s. 



\ 



PLATE XVI. 

Stone fire-place at the Museum of the Hdtel <le Cluny, Paris. 
French Renaissance. The fire-place formerly stood in a house built 
at Troves in the sixteenth century, and was brought to Paris soon 
after the foundation of the Museum. From VArt pour Tons for 
1869, 1870. 



PLATE XVII. 

Stone fire-place in a house at Sarlat, France. The sculpture 
abovf the mantel is life-size. From E. Rouyer, ** L'Art Architect- 
ural en France." 



PLATE XVIII. 

Fire-place in the *' Salle des Gardes," in the ** Hotel de Alluyer," 
at Blois, France. House of the Minister Robe'^tet, of Liouis XH. 
and Fran(;ois I. It is built of stone, measures 3"*. 68 in height and 
3™. 24 in width. The arms of Robertet are sculptured over the 
piers. The main panel is surrounded by a moulding which contsuDB 
the knotted cordeli6re of Anne de Bretagne. The field of the panel 
is decorated with the losanges alternatively of France and Bretagne. 
The shield of France is surmounted by the crown, and surrounded 
by the collar of the Order of St. Michel. The birds in the curved 
cornice are sculptured with the arms of Michelle Saillard, wife of 
Robertet. From Rouver, "" L'Art xVrchitectural en France." 




PLATE XVIII. 



PLATE XIX. 

Fire-place in the chamber of the Archbishop, Chateau de TanlaVy 
Franco. From Sauvageot, " Palais et Chateaux de France." 



PLATE XX. 

Stone fire-place in the Clniteau de Baynae, Franee. Renaissance 
style. From E. Uouver, '* L'Art Architectural en France." 
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PLATE XX. 



Vie Open Fire-Place. 



where do ecoaomioal means of t 



.111^ ID an II, entered the ruuiu 
Eible chimney would do nnder 



., tiey emoked (as anr se 
the circumBtances), and the only way that could be iuiagined to 
diminish the Bnioking wna to diminish uie size of the lire-place open- 
ing. This dimiuution took place tta has already been described, and 
the Hre-ptace assumed its present economical proportions. 

The chimney continued to smoke, however, and it was seen that 
the cure Lad not aa yet been discovered. 

The first recorded eSorC to stndy tlie matter seriously on a scicn- 
tide basis vm tiiat of Louis Savot, a physician of Paris, born in 
1579 and died in 16*0. Savot made a study of architecture from a 
sanitary point of view, and having found in the smoky chimney an 
unusually troublesome patient, he set to work, like a true physician, 
to investigate the causes of the disease. But his success was only 
partial. The treatment he administered was quieting and salutary, 
but he failed to diioover the real trouble and the secret of its cure. 
He improved the form of the fire-place opening by diminishing its 
width, BO tfant less cold air could enter on eatih side of the fire, and 
he showed that the flue should be smooth to lussen the friction of the 
ascending smoke. 

His is the Jirat recorded attempt to save the waute lieat of the 
smoke and the bsck of the firu. The famous fire-place at the Louvre, 
of which Fig. 29 gives the front elevation and Fig. 




was first brought into public notice by him, and shows the manner in 
which this was done. The room is warmed not only by direct radi- 
ation, as is usual with tliu ordinary fire-pUice, but also by the heat of 
contact of air. The air of the room enters the opening shown under the 
grate, passes behind the back of the (ire-place and above the top, aa 
shown by the arrows, and returns heated into the room through lie 
TOijnd openings just under the mnntel moulding. The ornamental 
bands passing in front of these openings appear tot — ' '"' " * 
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to defleet the witrmed air upwards as it issued from them, and prevent 
its ruturnini; at oacu into the fin!-p1acc. To admit of this ciruula- 
tion of air the fire-place was, of course, made double as shown, and 
the inner box wag marie of iron. In this way a portion of the cold 
air at the bottom of the room was heated and tended to rise to the 
t«p, and a certain amount of heat was saved. This ingeniouB con- 
trivance does not ajipear to have been appreciated or successful, 
though, since the time of Savot, the arrangement has, with slight 
uiodificaCions, been patented over and over again as a new inven- 
tion. By it neither was the air of the room changed nor was tlie 
draught of tlic chimney improved, and the saving of heat does not 
appear to have been suRicieiit to bring about its introduction. A 
simple modification in the nature of its air supply, however, would 
have rendered this invention of the greatest value- By taking the 
supply of air to be heated from the outside instead of from the room 
itself, we have the principle of the so-called ventilating fire-place, 
hereafter to be described and in consideration of its simplicity it 
would have formed one of the best of its class known. To secure 
the air space below the heirtli the fire was raised three or four 
luclic above tlic genual lloor level. This rendered the fire more 
ethcitnt in wirnimg the floor of the room, inasmuch as a greater 
numb(.r of rajs of heit would evidently strike tlie floor, and all at a 
better angk 

I, another form of Savol's invention. 

When the column of Mr in an uj>- 

nght Hue is healed and becomes liirlit> 

ir than the surrounding air, it is" no 

longer iiblu to maintain its equilibrium 

with the colder and denser ct^umn out- 

siiii which therefore rushes into the 

house thi'ungli the cracks and cr«v- 

icis, driving the warm air up the 

(.himney until the balance is restored. 

Jf now, these cracks are all closed, 

the colli air will force its way into the 

room ihrough the ehiuiney itself, de- 

idinii on one side of the flue, while 

^ lilt, hot air and smoke ascend on the 

' other. A struggle will ensue between 

■■" " the two opposite currents, causing the 

cold air to enter spasmoilicallj or in pulfa, bringing [lart of the smoke 

with It 

But let a separate inlet bo made for the outside air and It will en- 
ter the room in a teady stream in<i drive (lie smoke smoothly and 
rapidly up the flue. In the majority of cases a smoky chimney may 
be cured by observing this simple Jaw. The first really important 
step in improving the chimney draught, then, was made when this 
principle was recognized, and a suflictent opening provided for the 
admission of the outside air. The manner, however, in which the 
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reiiuwal of the air was at first acconipliahed was sucli as to improve 1 

the draught (inly at the expense of the ventilittion of the r 

will be seen by examining the accompanying Fig. 32. It i-epre- j 

senta the apparatus of Sir John Winter, invenWd ^' 

in 1658. 

Fre?h air was brought in under the grat« from 
the outside and acted on the fire as a powerful 
blower. A valve was placed in the Bupply-pipe 
and by it the amount of entering air was regulated 
to the requirements of the fire. It will be seen at 
once that when the supply-pipe was large enough 
and the valve was oiiened the fire would he sup- 
Iilied with air entirely hy this pipe, and all objec- 
tionable draughts through window and door cracks 
be effectually debarred. But it must also he borne 
in mind that by just as fir as the draught nas sup- - 
plied from tl s source by just so far would the ven- '^'s- 32. 

tilation of the roon be reduced, and if the pipe supplied all the air 
necessary the v nt lat on would be nothing. 

Fii;. 3:i repr sua the section of another form of the " blower " 
chimney, almost entirely abandoned at 
the present day, but at ihe time of its 
invention niueli in vogue. The fresh 
air is brouglit in a canal from the out- 
side and turned on the fire from above, 
passing between die two plates repre- 
sented in section under the mantel. 
Tliis has all the objectiona and none of ' 
the advantages of the blower of Win- I 
t^er. The ventilation of the room is de- 
stroyed; a cold current of air ia pro- | 
duced in the neighborhood of the fire; 
and the point of delivery of cold air is 
not located favorably for stimulating 
ihe, fire. 

Still another form has been much 
"^^ ^^ praised, though witliout a shadow of 

merit. Bj it the t eal air is introduced into the room directly from 
the outside at the level of tlie door, just in front of the fire-place, under 
a fender perforated for the pur|Hise. The form of tlie fender is such 
as to direct the incoming air forward upon the fire as it entere. 
This ia the worst possible form of fire-place; and besides having all 
the objections enumerated above ia liable to clog with dirt, and is 
difficult and expensive to construct. 

A modification in the maniier of supplying the fresh air, ao that it 
could be uaeil to ventilate and warm the room before feeding the fire, 
would have rendered Winter's invention of the greatest value. 

I, therefore, also a failure, though it has, since 
r having luidcrgone slight modifications aot affis.'.-ij; 
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general principle, been frequently patented as a new idea. It only 
remained to combine the inventions of Savot and Winter to produce 
most useful results. 

THE VENTILATING FIRE-PLACE. 

This combination was made, in 1713, by Ganger, the real inventor 
of the ventilating fire-place and, indeed, of almost all the most im- 
portant principles of im- 
llHllll. provement in the form 

of the fire-place since 
the time of Savot. He 
gave the fire-place the 
elliptic form as shown 
in Fig. 34, instead of 
the square form hither- 
to used, for the purpose 
of improving its reflect- 
ing power. He showed 
that, with the rectan- 
gular jambs, very few of the rays of the fire are reflected into the 
room. Thus, if we suppose a fire to be at F in Fig. 35, in an or- 
dinary fire-place, only 




Fig. 34. 
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two of the rays repre- 
sented by dotted lines 
as striking the jambs 
would be reflected into 
the room, the rest be- 
ing thrown upon the 

opposite side or upon 

the fuel or back of the 
fire-place or up the 
flue. With the curved 
back, however, all the 
rays come into the room. " Geometricians,'' he says, "are sensible 
that all radii which set out from the focus of a parabola and fall 
upon its sides are reflected back parallel to its axis." So any ray 
falling from the fire or parabolic focus F or ^^ Fig. 36, and strikino- 

the back of the fire^ 
place, will come into 
the room. The same 
will happen to any ray 
coming from any part 
of the fire intermediate 
• between the two foci F 
and F^ 

The fire-place of Gran- 
ger, besides the para- 
bolic jambs and a small 
soufflet, or blower of 
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Fig. 36. 



Winter, had also, after the principle of Savot, hollow back, jambs, 
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hearth, and mnntel, tor the purpose of pouring into the room a copi- 
ous Bupplv of fresh air heated in these hollow walla. But unlike 
Savot he brought the air direct from tho 
outside for ventiliition. These spaces 
were called calidncts or meanders, and 
are shown in Fig. 37. Tliey contained 
perpendicular or horizontal diviEions or 
bames bo arran^d as to cause the air 
to circulate in the hollow spaces, in the 
direction of tlie arrow.s. as much as pos- 
sible, before entering the room. 

The temperature and amount of the 
fresh air introduced into the room was regulated hy a valve in fta 
air cliannel acting like a two-way water-cock. A small cylinder, 
Fig. 38, revolved within a larger hxed one in such a way that the 
cold air could be passed directly Into the i-oom, 
or first into the calidncts and thence into the 
room, or shut off altogether. The axis of tha 
revolving cylinder passed through the cover of 
the fixed (cylinder, and had a. small lever at- 
tached to it by nieans of which it was turned 
by tlie hand into certain positions marked on s 
small dial. The calidncts were made of iron or 
brass. He preferred to place them only in the 
back of the fire-place, as shown in Fij. .S4, leav- 
ingthe sides solid and lined with metal. 

The object of the sovffiel was to bring a small 
column of air directly under the fire to act as a 
J it. The fire once lighted, the goufftet could be 
closed by a valve and all the fresh nir turned into the room through 
the regular openings above. This fire-place of Gau^er is the legit- 
imaCo ancestor of scores of modern patents, whose authors are eithei 
ignorant of or have failed to acknowledge their descent therefrom. 

In reading his work " La Methanique du Feu," we see that the 
author was in want of a proper word to express his idea. The word 
"ventilation" did not then exist. Dr. Desaguliers, the translator of 
Ganger' 8 treatise, was the first to use it. 

The objection to the fire-place of Ganger is that it is somewhat 
expensive, and difficult to cleanse or repair when out of order. 

I'o give the sloping back the parabolic form is almost too much of 
a refinement, and the tnvffiel is unnecessary where sulBcient air is 
provided by the caliducts. Moreover, the hottest part of the fire- 
place is just above the flame rather than behind or at either side. 
Therefore the calidncts of Ganger do not occupy the most advanta- 
geous position with respect to the fire. By modifying these details 
and improving the form of the chimney- throat the arrangement 
might he made much more perfect. The external air, in passing 
throi^h the calidncts, is, nevertheless, raised to a temperate heat, 
rises and spreads itself through the chamber, a^ain couU.,^^ 
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and, after ventilating the room, euppliea the fire 'with air, and es- 
capes up chimney. The Gnuger fire-ploveB were coDBtriict«d for the 
COmbuBtioD of wood fuel. Dr. Desaguliera modified them for coal, 
and put up a considerable number of them in London. For a 
time tbey were appreciated and rose rapidly into favor; but, unfort- 
unately, an outcry waa raised against them by scientific opponents 
of Dr. Dtisaguliers, who declared that these fire-places " burnt the 
air, and that burnt air was fatal to animal life; " and the death war- 
rant of (lie new lirtr-place was si^ed. When used again they ap- 
peared under a different name and protected by patent rights. The 
unfortunate Dr. Ucsaguliers mournfully remarked, "As I took so 
much pains and care, and was at some expense to make this arrange- 
ment of air useful, 1 can't help complaining of those who endeavored 
to defeat me in it." 



In 1682 tlie savants of raris were attracted by the exhibition ot 
the "Furnus Acapnos " (smokeless stove), invented by Daleame. 

It was simply a fire-place resembling a large clay pipe, Fig. 39, and 
its object was to consume its own smoke by causing it to pass down- 
■wards through the burning fuel before entering the chimney flue. 
In tlie ordinary fire-place a large portion of Oie fuel escapes ua- 
consuined in llic foi-in of smoke, which, in lai^ cities like London, 
becomes a serious nuisance, hanging over the city in the form of a 
dark cloud, and fillinj; the atmosphere with soot and impurity. To 
consume this smoke it is only nreessary to bring it in contact with 
the glowing cinders of the fire, when it will at once ignite and give 
out its heat. 'I1ie fuel wood or coal, is placed in ihe vase over the 
grate bars. From the ash box Ulow the grate bars an iron smoke 
pipe leads into the brick flue, vhich 
has no other inlvt for air than tlirough 
the fuel in tlie vase. The upper pan 
of tlie iron smoke pipe is then lieated 
by a lamp in onltT to establixh a 
draunht through tlie fuel. Brushwood 
ts lighted at the top of the coal, and 
tbit burning <lownwards, ignites the 




The smoke of 






fuel supplied from above is consumed 
in passing through the glowing coals 
already ignited. 



JustuI, wlio described this 



arrange- 



ment to the Royal Society i ^ 

sajB that "the most fietid thingal 

matters which sti ik abominabh when taken out of the fire, in this 

engine make no ill stent neithei do reil herrings broiled thei-eon. 

On the other hand all perfumes are lost, and incense makes no 

smell at all wlien burned therein. ' 



fire-place the " Vulca- 



'B the 



»ppf 



a difficult to 
Bee how the draught 
ooulil be effected in Siis 
machine, both on ac- 
count of the break at 
the end of the iron 
smolce Sue which woulil 
admit the cjitenial air, 
and on account of the 
small size of this Hue. 

Franklin gives it as his 
opinion that the inven 
tion not only did not 
belong to the Gem an 
at d! but Chat lie iid 







nl the jiinLi]le and woikmcr of the n 



s another smoke consuming apparitui sin ilnr in 
principle to the preceding but 
pHieil against the wall like an 
ordinarj fire place To eatub- 
lish A draught it is necessary 
tu b rn some kindlings within 
the little door placed abo>t the , 
j,rate before linhtinj; the f el in 
the latter Thta form of Sre 
place IS objectionable on ac- 
count of Its liability to smoke 
. upon slight provocation 

Mr Touet Chambor attempted 
r, -, ru„, r.w=. ^g oiercome this objettion by 

placing the grate in a nicbe as in Figs 42 and 43 and havinir two 
openings into the flue one above as in the ordinary lire plaie to u<e 
when the Sre is first lighted, and one below to reverse the tianie. 
He added the tubes b^ind the fire-back to Eave the heat of the. 
smoke and flame, by warming in them fresli air from the outside. 
The position of the upper openings, however, ia such that their pres- 
ence is far from being an infallible cure to smoking, and the objec-,' 
tionablo appearance of the fire-place, when partially blackened by 
a moke, can easily be imagined. 

These objections may be removed by certain tnodifioalions here- 
after to ix Ehown. 




open Fire-Place. 

Franklin accomplished tlie same result, of consuming the smoke, 
n ft (lifferent manner. Insieai! of reversing the flame, he revergeJ 
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. =■"'- ite device is shown in Fig. 44. The grato is cylin- 

iral in lorni and revolves upon a fixed seac. The fresh, fuel is 

thrown in Uirouy;h ihe door, represented 

in the figure as opened and supporting a 




h s door IS opened for tlio purpose hy means of a poker. 
I door IB then clofied, and the grale revolved by meana of tlie 
!r so as to bring the fresh coals underneath those already burn- 
By tins means the smoke of the fresh fuel is obliged to pass 
ugh the fire or re I hot coals, and is ignited, 
n 1 81 J, n Mr. Cuttler took out a patent for a Bmoko-consutning 
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object by a 
Pig. 4B. 1 



grate, iricb a. cliamber or iiiagazino attached, (or c 
cient fuel to last aU day. Fig;. 45. The following description ifl 
from Rees's "Cyclopedia;" "The bottom plate of the chamber is 
movable, and, by means of a wlieel and axle, the fuel contained ta 
the chamber can be raised so as to bring a portion of it into the 
grate at the lower pari or from beneath, and thus from time to time 
replace the fuel that is consumed without the trouble of throwing on 
coal?. To make the fuel burn, the flue must be so constructed as to 
produce a Btroug draught through and across the top of the fire. In- 
troducing the fresh coals from beneath causes the smoke therefrom 
tobecooeumedin passing through the saperpot«d hot coaU. Another 
improvement is to reduce or extinguish the fire; the fire ia lowered 
into the chamber beneath the grate, and is thus deprived of a sup- 
ply of fresh air, and is consequently eoon extinguished.'' If by this 
means the smoke could be entirely consumed, soot and chimney sweep- 
ing would be unknown, and smoke could not enter the room because 
it would cease to exist, and a fire so readily extinguished would be a 
great source of comfort to the anxious housekeeper. 
Dr. Arnott effected the same objei ' ' - i 

in his " Smokeless Fire-Place." 
Cuttler's, a false bottom i 
ported by a piston rod with notches, in 
which a catch engages so as to support the 
piston at any require<l height. By placing 
the poker in one of these notches, and rest- 
ing its point on some fixed support, it may 
be used aa a lever for raising the piston, and 
bringing a fresh supply of fuel into the 
^te. Should it be necessary to replenish 
the coal-box, while tlie lire is burning, as 
when the piston has been raised to its full 
height, a shovel or spade, which uiay be 
made for the purpose, is pushed ia over the 

iiiiton to take its place, while the piston is (. 
owered. The spade is then raised in front 
by its handle, presses upwards the two 
front bars of the grate, which bars are ar- 
ranged loose for the purpose, and exposes 
the mouth of the coal-box, and a new 
charge of coal is shot in. It is. of course, 
important that the piston should fit a^^cii- 
rately in the coal-box to prevent ingress of i,J[ 
air from below, or in other words to- llmit"^^ — ''■- 
the combustion to that part of the fire 

which is visible from the room. In recom- Fig- lo. ur. Bmon ■ smo-ni»n 
mending this device. Dr. Arnott stated Firo-Pi.cB. 

that the coat of washing the clothes of the inhabitants of London was 
greater by two and a iialf million poands sterling a year than for the 
same number of families resident in the country, to sa-j ■ro^vwj, "^f 
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the injury of such articles as carpets, curtains, female apparel, books 
and paintings, decorations of walls and ceilings, and even the stones 
and bricks of the houses themselves, from the same cause« He also 
urged that the frequent washing of hands and face led to an in- 
creased consumption of soap ; and that many trees and shrubs could 
not live in a smoky atmosphere like that of London. 

Nevertheless the complete combustion of the smoke will not render 
it wholesome to brcatlie. Some injury is no doubt caused by inhal- 
ing soot ; but by passing the smoke through the fire in some smoke- 
consuming apparatus, \vhile we save the heat, we convert the visible 
soot into invisible acids, carbonic, sulphurous, and pyroligneous, 
and ammonia, etc., of which, with water, it is composed. 

Figs. 47 and 48 represent the smoke-consuming grate of Atkins 
and Marriot, <in ingenious contrivance, which introduced fresh coal 
at the bottom of the grate as it was wanted. The section shows 




Fig. 47. Atkins & Marriot's Smol<e-consuming Grate. From Edwards. Fig. 48. 

clearly how this was done. The idea was to obviate the possibility 
of the whole body of coal jijetting into a state of active combustion, 
as in Guttler's grate. It either was not understood, or was for some 
reason practically objectionable, for it does not appear to have met 
at any time with success, and was soon forgotten. 

These smoke-consuming fire-places never came into general use on 
account of their awkward appearance, and the inconvenience of man- 
aging them. Tliey involve machinery which is a little liable to get 
out of order, and few housekeepers are philosophers enough to be 
willing to undertake the management of a machine requirino- espe- 
cial mental effort, where the advantages are not directly visible to 
the senses. The average servant is thoughtless and impatient enough 
to prefer the primitive method of "discharging an avalanche of 
coals " upon the fire from the hod, to going through the experiments 
with the lever, ratchet, wheel and axle, recommended by CutUer and 
Arnott. 
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I tancB, compared with obtaining a " good draught " at any saerifipc. 
*" re assume that but an eighth or a tenth part of the fuel tabes tlis 
n of unconsuniL-d smoke, and consider that a. tenth part of the 
entire lieat generated by the fuel is more than wa ordinarily realize, 
the saving by the use of a smoke-consuming apparatus would, in an 
ordinary fire-plaee, amount to only about a hundredth part. It is 
evident, therefore, that such a refinement on the aeora of ecoiioinij is 
absurd, so long as wa allow the waste in other wnys t^i be fo large. 
If we throw away nine tenths of the fuel connumed, we cannot com- 
plain of the loss of tlie one tenth of the remainder whit-h is uncon- 
sumed. 

IMPnOVEHRNT IN THK FOHM OF THE CHIMNEY THROAT, 

The next important step made was in the improvement of the form 
of the smoke flue where it connects with the fire-place. Cold air, be- 
I ing heavier than warm, will fall below the latter, and press it upwards 
to make way for itself. Thus the air in the neighborhood of tlie fire- 
place will press the hot smoke up into the chimney throat. If this 
throat is only large enough to take the smoke, hot air only will enter 
the flue and the draught will be rnpid. But if the throat is larger 
than necessary, that part of the cool air of the room which enters 
the fire-place and becomes most heated by the fire, and next in buoy- 
ancy to the smoke, will, in its turn, bs pressed up by the cooler air 
behind it, and enter the flue alongside of the smoke. Indeed, the 
entire volume of tlie air of the room, being warmer than the outside 
air, wilt tend to enter the flue with the smoke, so long as there be 
room provided fpr its entrance. The heat of the column, and eonse- 
quently the rapidity of its rise, will therefore be proportionally di- 
minished. For this reason the throat of the chimney should be con- 
tracted until it is no larger than is sufficient to carry off tlie products 
of combustion. A similar contraction throughout the entire length 
of the flue would be desirable, were it not that an allowance must be 
made for clogging up by soot, and for the resistance by friction to 
the passage of the air ofiered by the rough walls of tbe flue. 

The first to recognize and apply this principle was Count Rum- 
ford (1 706-1 SOa). He publiahed a number of valuable and interest- 
ing essays on various natters of domestic economy, one of which 
was devoted entirety to fire-places and ehimnoya. liut he is to be 
blamed for not investigating or at least acknowledging the progress 
made by his predecessors in this particular. He says, " It is, how- 
ever, quite certain that the quantity of heal which goes off combined 
with the smoke vapor and heated air is much more considerable, 
perhaps three or four times creater at least, than that whith is sent 
ofl' from the fire in rays, and yet small as the quantity is of this 
radiant beat, it is the only part of tbe beat generated in the com- 
bustion of the fuel burned in an open fire-place which is ever em- 
ployed, or which can ever be employed in healing a room " "" ' 
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s the mrllated bent alone which nan be eniplojed in 
it beconiea an oliject oE iniich importance to ileter- 
mine haw the greatest quantity of it may be 
^Derated from the conibastion of fuel." Thus, 
however niuuh good he may hsive done in im- 
proving the form of tbe thimney throat, and 
111 calling public attention to the advantages 
of bevelled over rectangular jamba, he cer- 
tainly aldo did much to discourage any further 
effort in economising the waste heat of the 
smoke, and should therefore he considered na 
having really done more tlian any olber one 
man to retard the proper development of the 
subiect. He complains of the enormous waste 
oE heat, and regrets that no means of eaviiig 
it can be invented, in the face of the discov- 
eries of Ixith Savot and Gauger. Bven his 
bevelled jamba for better reflecting the rays 
_ into the room had long since beun recoui- 
^nded by Gauger. Tliey were brought for- 
;;- ,;; M'iird as quite new by BuinEord. In speaking 
' ' iif the waste in unconaumed smoke, he says, 
■• I never view from a distnnte, as I come into 
town, (Ins Liliick cliiud which hangs over London, without wishing lo 
be able to compute the immense number of clialdronB of coal of which 
it is composed ; for could this be ascertained, I am persuaded so 
striking a fact would awaken tbe curiosity and excite the astonish- 
ment ot all ranks of the inhabttanta. and perhap* turn their minds to 
an object of economy to which thev had hitherto piid httle atten- 
tion,''^ Tethegives "■ .---i - .. 

itiij the evil. 

Figs. 49 and 50 represent the ao-called Bumfurd slnn 
place. He contracted the area oE tin fin ili iiilHrnnd 
sides an angle of ISBo with 
tbe back, or, which is the 
same thing, ot 45° with the 
front of the fire-place, m or 
der, as he said, to reScct thi 
greatest possible amount of 
beat into the room. He con 
sidered the best propo t' 
for Che chimney recess to be 
when tiie width of the ba k k '^ ''"'"' Tomimson. 

was equal to tlie dep h f m f back, and the width of the 

front or opening betw e i e jarab hree times the width of fb» 
back. These proporti n a u d o lay, and are nniloubtedly dM 
beat. He objected to h nse f ron for these surfaces on twconnt 
oF its great heat-condu pow which wasted the beat and 

cooled od the fire, but advocated some non-conducting substance, aniA 
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as fire-clay. He bIso objecteil to ciraular covings, on the ground 
that tliey produced eddies or currcntB, wliifb would Ite likely lo cause 
the chimney to smoke. 

But his cliixf, or perhnpa only, real imprOTement conaiated in the 
reduction of the size of the chimney throat, and the rounding off of 
the lower edge of tlje chimney breast, as shown in Fig. 51, in order, 
M he said, to aflbrd leei obstruction lo the ascent of the smoke. 
When the chimney requin^d sweepins. the plate or Hagalone opposite 
this rounded edge could bt removed so as lo open the throit, and 
be replaci;d after the operation riiiH form a ^iven by RuniFord is 
however atill defeehve The small 
est part of the flue should be at the 
bottom, aa shown in Fi^ 52 so as to 
prevent the entrance into the flue 
of unburnt air from the room 
From this point it should increase 
somewhat, to allow of a alight ex 
pansion of the heated column an<l 
to diniiniah its friction against tlie 
walls of the flue, as well as to allow 
for a partial clogging by soot and 
for the reaiatanca to its passage of' 
fered by the roughness of the plaster. 
Tlie back of the fire-plat:e sliould 
also incline forwards, as shown, 
in order to increase its radiating effect 
The 
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well as that of the Htinn'. 

iple and earnest style of 
Count Bumford's esaays, the sub- 
c^tantial nature of his acknowledged 
improvement, Ibo faeilily with 
which it could be tested, and tlie 
enlhusiasni with which he urges its 
importance, the detniled directions 
he "ives for the guidancK of the 
builder, and the liberality with 
which h»s offered the free use of his 
invention and services to the public, 
all tended to make a permanent im- 

S'esBion, and not only to give the 
umford flre-piaoe precedence over 
- ^~ all others, but even to place the 

latter altogether in the ahade. So much in the shade that, though 
infinitely more im|>ortunt as tending to improve the ventilation of 
the apartment, and the draught of chimney, as well as to save the 
waste heat of the fuel, they were almost forgotten, and, so far as the 
mass of the public is concerned, remain so up to the present day. 
So great was the influence of Count Rumford as a man of science, 
andliis ability as a writer, that his failure to acknowledge the value 
of the efiorta of hia predecessors seemed like a tacit 
tlicin, and proved the severest blow to the cau^e. 
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Almost all modern grates are baiei] upon tlie principleB explained 
by Count Rumford, and a lire-place was considered perfect whicli 
was made in accordance with tliem. It iras a rare exception vhen 
anytliing beyond tliia waa tliought possible. 

The modern crratc represented in Figs. 53 and S4. called Silves- 




ter's patent, formed one of these exceptions, and was introduced 
about twenty years ago. In ihia the fire was put lower down ihan 
it had been at any time since coal became the staple fuel. The 
bottom of the grate was formed of separate bars, which extended 
considerably into the room. A curb of iron and a raised bar of dr- 
cular form were used to enclose the bars and answer the purpose of 
a tender. The back and sides of the fire-plaeo were formed of fire- 
brick. Instead of the rei^ister door above, Venetian plates wen 
provided at tlie back of the i^rate for the escape of the smoke, which 
could be opened more or less by a touch with the poker. This KraU 
is Tjuite common with us to-day; but it is rare diat we see it with the 
ventilating attachment shown in the figure, and operating on the old 
principle of the fire-place at the I-ouvre, described by Savot. The 
air from the room was warmed against the back and top of the fire- 
place, in the spaces shown in the section, and afterwards returned 
into the room. 

The contraction of the chimney throat by means of liie Venetiftn 
plates, which could easily be regulated, was an excellent ttpplicatioo 
of the principle a<ivocatcd by Rnmfoni, Tlie projecting bars re- 
flected considerable heat, but there were certain clisadvantageB. Tlie 
apparatus was necessarily expensive. It required more tjian usual 

:. -ettin". The fire was injudiciously low, and the neceHity 

ing &c bars individually for the purpose of taking away 
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tlie dust, aad of then repkcino; the 
that the operaCion was iin unusual 
domestics were uerlain to objiitt to. 
•"i^a. 55 and 66 reprcBerit the f 




hae no TentilaCin^ flues, h, was simpl/ built after the Rumford prin- 
ciples, and may be taken a^ a type of what was and is considered a 
perfect grate or fire-place. As in Sylvester's device, the smoke passes 
awiiy from behind, but through a single arched apui'ture instead of 
between Venetifin plates. A noliahSi surface of iron fills up the 
space between the aperture and tlie front of the grate. A pan to re- 
ceive the aslies is fitted beluw the fire bars, and ia made to project n 

I few inuhes in front of them, wliere it is covered by an open grating. 

I Fire-brick is nsed behind the bars to enclose the lire, and a door to 
move backwards and forwards is used to regulate the opening into 
the chimney. The iron-work is ground and stained black for dining- 
rooms and libraries, and is ground and polished bright for drawing- 

l!uriiislied steel and ormolu are introduced, of course, for those 
wlio can aCFord to pay for them, and the ash-pan itself is Bometimes 
constracled of stamped and highly burnished steel bars, which, ac- 
cording to Edwards, the grate manufacturer, gratify the ladies by 
their brightness. Two curious circumstances attending the intro- 
duction of thin grate are that it was not made of a lumicircular form 
by tlie inventor, but elliptical, and that the notion was given over for 
I a small snui of money to a manufacturer, who called it a patent, and 
retained the eohj privilege of using it for many ijears, till it was dis- 
covered that there was no such thing as a patent in existence. Even 
before tlie intro<luction of (Stephen's grate, another one, known as 
King's patent, and shown in Figs. 57 and 58, was introduced, which 
combined several similar qualification s. but only succeeded in becom- 
ing very little known. The form of the upper part was square in- 
stead of semicircular, and the door at the back of the ^at<^, va%\.v.voS, 
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of beinz suspended from the bottom, as in Stephen's apparatus, was 
suspended from above and balanced by chains and weights, so that a 
slight touch with the poker could move it up or down at pleasure, 
and increase or diminish the draught. This fire-place was, scien- 
tifically speaking, superior to Stephen's. The amount of reflecting 
surface was greater than in the semicircular form, and the draught 
into the chimney was far more perfectly regulated than by the Ste- 
phen's door. It is curious to observe how instantaneously the draught 





o 



Fig. 57. King's Patent Grate. Fronn Edwards. 



Fig. 58. 



is affected as the door is brought in proximity to the fire or is removed 
from it, and how perfectly all the products of combustion are carried 
off when the openinjij into the chimney is exceedingly contracted. 
The grate, however, failed to excite much attention for one reason 
and one only, namely, that the square form was not at that time cal- 
culated to be so j)opular as the arched form. " It is," says Edwards, 
*' of no use to attempt to reason upori matters of taste. It suffices to 
state that the arched form was at that time novel, and that few would 
look at any other. King's grate was subsequently made of the semi- 
circular form, but not until the other had jrot the run, and it had be- 
come practically impossible to supplant it." 

THE SLIDING BLOWER. 

Soon after the improvement made by Rumford, Lhomond added a 
movable blower, as shown in Fijjs. 59, 60, Gl, and 62, allowing the 

opening of the fire-place to 
be increased or diminished at 
will. In this way the entire 
current of air could be turned 
upon the fuel, and the open 
fire - place becomes trans- 
formed into a closed stoTe so 
far as the concealment of the 
flame and the improvement 
of the draught are concerned. 




Fig. 59. 



imnkc, particularly 



Open Mre-Piace, 

This is at times very useful with chimneys liable t< 

■when the fire is first lighletl, and it is ve-ry fren- 

erally used in Europe, especially ia Pariij. The 

btoner is composed of one or more leaves of 

sheet metal {Fig. 60), eliding one over the other 

in the slots, as shown on the plan. The lowest 

]b supported in the middle by a chain which 

passes over two pulleys, and is balanced by a 

weight. The use of this blower is, of course, 

Rn efFeotive cure for smoky iihimneys, hecause 

it may be closed so as entirely to cover the fire, 

bat it is an expensive cure, since it sends a part iS! 

of the radiant lieat up the chimney. It is true Fig. 6D. 

that the high coniiuctibility of the metal plate allows heat to pass 

through it rapidly, hut the loss is nevertheless very great when closed 

over non-ventilating Rre-place!. Its use is only to he recommended 

where no better means of preventing smoke is to be found, or where 

a powerful draught is required to light the Rre rapidly. 

A good mran^ment of the grate for burning coal is to have the 
entire grate project beyond the fire-place so as to utilize tbe great- 
est possible amount of radiant heat. A semicircular hood of metal 
over the fire would then serve to direct the smoke into the chimney. 
This hood, being a heat conductor, would also transmit a large portion 
of the ravs of htat into the room. 

The fire-place of Lhomond, as sliown in Figa. 6 1 and 62, is designed 
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THE MOVAilLE GHATE. 

Fig. G3 represents the movable grate, invented hy Broi 
fuel rests on a small i^arria^e with wheels or casters, which allow (t; 
its being brought forward into thuroom when the fire is oiii.e lighted' 
and burning well The grtte oi carnage confiisli of a cast-iron bo% 
open in front, and was used with an orUinary hre plaie of Llioniond ■ 
""''"' tes according to Peclet well ma le at first, m 

with great auecesa but upon the expirabw 
of the ttrni of iLe patent ri^ht tlieir cofr 
fitmction tids less careful and they fell it- 
Lom] arative disuse At the Universal El 
hibitun of 18SS an appiirata!i of tbe a 
nature was Lthibited The grate could b( 
b -ougLt forwar 1 several meters into t' 
room the smoke then paaging into U. _ 
chimney tlirough A Hue formed of ahdns 
tubes ^tting into each othe like tlio<«otl' 
ssjlelescope \s t ' ' ' 

^ ■ ! IS IlkLh 1 

•^^ *' apartments is a . 

beat able to jud^e for himself But it si 
able for the shop of thL tinsmith or the 
laboratory of the ehtmist than for an 
ordinary living room 

Various othLr form" of the movalle 
grate have been indented a common 
form ainon), which is the hanging basket 
grate now occasionall) used supported 
bj a chain on a swivel bracket projecting 
from one of the jambs of the hre place 
This form of grate i>i objettionahle on 
account of the difliculty of holding it 
firmly whde replenishing or poking thu 
fuel It is sometimes uted on account 
of Its oddit\ or pic lure squtness 
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'pread in our moden 
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In 1715 Franklin n vente I the fimous f 
Pennsylvanian Fire Place (l-ig S4) in 
which the smoke descends to the bottom 
of ihe fire-place before it enters the flue, 

in order lo heat the surfaces of tin: freah-air channels eaclosed ii 
fire-back. This fire-place of Frniiklin's, however, was closed in 
and was objectionable on that account, the fire not being \_ 
It belongs therefore rather to the stove family than to that a 
fire-place, as its name imjilies. It was modified b/ Desar 
opened the front to expose the fire (Fig. 65), and added on 
•'h.uu l:»l.> >.,Ka.. _l.i..l, entered a larger one, through n 



three little tubes which i 
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BQioke paseed and 
ttis chiDiDey. Id . 
inside of a larger 
which fresh air ent' 

flue was also adopted by Montalembert, wlio 
place and chimney represented in 
Fig. 66. It conBistB of a small chim- 
ney inside of a larger one. Upon 
lighting the fire, the damper at the 
top of the inside flue is opened, and 
that on the outside Hue closed, by 
means of iwrds and tassels, allowlog 
the smoke to rise directly into the 
chimney. Once the fire is well 
lighted, the dampers are reversed 
and the smoke is forced to follow 
the course indicated by the an-ows. 

When the walls of these flues are 

lifted of a good heat-con- Rj. 6 
ducting material, 



out a large part of its heat before entering 
the apjtaratua consists of a small fire-place 
Above the smaller is the opening throudi 





ig by their use way 
be very great ; if constructed of brick and 
the usual furring put upon the chimney breast 
tlie gain is, on the contrary, but slight. Not- 
withstanding this objection and the eompli- 
' ' 'in, these chimneys 

icaiuequite popular at the time of their in- 

3d action. 

The chief difficulty with all these arranae- 

ents having the reversed draught is thdir lia- 
bility to smoke, and to elo^ with sooL Where 
the principle of multiplied circulation is em- 
ployed to bring the fresh air and smoke flue 




in contact with each other, the circulation sbonld if possible be on 
the part of the fresh air and not of the smoke, unless convenient 
DpeningB can be provided for cleaning out. Another form of fire- 
place, constructed on the same principle, is that of Douglas Galton, 
represented in Figs. 67 and 68. In this the fire-place projects en- 
tirely into the room. The smoke passes through the largi ceM-t^ 



flue, and is EarraDiided by freeb-nir cliambers, which bring the warm 
air into the room through the 0|)eDingB shown in the section at the 
top of the stOTe, fotlowiu? the direction ahovn by the arrows. The 
fire-place is constructed oi lire<biit'):, which absorbs a great quantity 
of bent, and, when once thoroughly wanned through, has the pecu- 
liarity erf radiating the heat in all directions very rapidly. Soapstone 
has the ssme property. The grate and case of the fire-plai:e ore 
made of iron. This apparatus can only be employed with safety 
where the chimney draught id very regular and powerful, tbe ver- 
tical flue being bcated from some external source, as in the HerlterC 
Hospital, Woolwich, Eugland, where, by tbe side of the upright flue, 
IE |>Wed a spare flue terminating in a Sre-piace in the basement, 
which enables tbe reriieal flue to be warmed, so as either to make 
it draw when the fire is first lighted, or to enable a cnirent to be main- 
tained for ventilating purposes tbrou<;h the fire-place when the fire ia 
not lighted. The horizontal flue is swept by pushing a brusb along 




it to force the soot into the vertical Hue, whence it can he removed 
by a special contrivance. 

The fire-place of Descroizilles, with smoke flue constructed on the 
same principle, is shown in Fig. 69, 

Iq order to diminish the unnecessary entrance of cool air into the 
chimney flue above the fire, without at the same time curtailing the 
view of the flame, Descroizillea closed tbe upper i«rt of tbe openimr 
with a curtain of fine metal gauze. This, applied to both wood ant' 
coal fires, p,ve eicellent results. Glass and mica slate have been 
used for the same purpose, but, owing to their frangible nature, have 
nited use. The apparatus for warming the fresh ^ 



had but a 



ouuwii la the figure is much too complicated ever to become popn. 
Jar, even if it were not objectionable in many other particulars. Ilie 
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constructed of metal. The metal ^ 
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1 front of the 



e which 19 also objectionable 



1 gauze i: 
■n a hinge on itn upper side, so that it may 
be o[)ened or closed at pleasure. The smoke is allowed to pat^s di- 
rectly into the chimney when the fire is firet lighted, but when the 
flue has been sufficiently warnied lo insure a good draught, the small 
damper above the fire is closed, and the smoke is compelled to 
descend, turn to the right and left, rise again, and circulate through 
the l>ent pipes as shown iu full and dotted lines, before it finiUly 
escapes into the chimney. While the machine is in good order 
it warms the fresh air economically and effectually, provided it is 
not attempted to warm too much air. But it is particularly liable 
to clog with soot, and very dilficalt to clean out again, it being nec- 
essary to take it entirely apart in order to do this. Moreover, the 
frequent cban^Fes in shape and direction of the various parts of the 
smoke flue ^ve rise to numerous counteracting eddies, which seri- 
ously retard the passage of the smoke; and often Ui such a degree 
that, with fire-places having openings of the ordinary size for burn- 
ing wood, its use, without the gauze blower, would be quit* out of 
the question. 

Fig. 70 gives a simpler detice, but oi 
on ai^connt of back eddies, loot clog 
ging, and smoke, without the advas- 
tnse of the damper leading into the 
direct Sue to fall back upon when 
the draught is feeble 

Figs. 71 and 73 represent a ven 
tllating fire-place taken from Fcclet's 
" Traitd de la Chaleur " It is com 
posed of a small Are place of sheet 
iron, placed inniUe of a larger one 
containing the fresh air tubes T T 
These tubes are arranged in jian -i° 
shown in Fig. 72, in such a uii u 
as to take from the smoke as it j i 
between them, as much heat { 
sihie, without obstructing lis p \ i 
or occupying too much space The 
small inside fire-plai.i. is mstinct from 
the larger one containing the tubes so that it can easily be remored 
when it is UesireJ to clean out the latter The smoke and hot air of 
combustion, rising from the fuel, pass over the back of the inside 
fire-place, descend between the fresh-air tubes, and pass out into the 
main flue through the lar^e opening at the bottom, F. An open- 
ing above G, furnished with a damper, serves to establish die draught 
■when the fire is lighted. The fresh air circulates through the tubes 
I wanned into the room through a register Just above the 
fire. The usual blower for diminishing the size of the fire-place open- 

g accompanies the apparatus. This fire-place is simple and ea«il-j 

t in any ordinary diimney opening. It wb» ^esVei Vj ^oJ.«. *»&- j 
higlily recommended by him. 
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The reverberatory fire-place, invented by a. Mr. John Taylor, 1 
English architect, is represented in Fig. 73. It is constructed o 
hollow bricks laiil round an iron frame in such a manner that tl 
smoke is obliged to pass nround and below the lire before ascendi 
the flue. An opening with a damper immedintelv above the fii« ■ 
lowed the smoke, however, to ripe directly into the main flue ifh( 
the fire was first lighted. The interior of the grate was entire'^ 
lined with hollow fire-bricks, and the front part of the grate v 




vided with openin. ir I [ | i I ^miIi ihe (.onstriictionot 

the air flues behind, ami also to present a bighly ornanietital appear- 
ance. The fresh air warmed in the hot-air flues formed of Gre-bricks 
passed through these openings into the room. This hollow brick 
interior was heated by the fire resting against the bricks and by the 
smoke pftssitig around them. The objections to this firc-plaoe n 
that the descending (Ineas here constructed would be liable to w 
and would quicklyMcome clogged with soot, to remove whioh «t 
be diflicult, especially in the Tower corners, where it would m 
condense. Another serious objection was the liability of tho I 
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bricks to become destroyed by the action of the fire and disturb the 
whole arrangement. This might be partially removed by the substi- 
tatioii of iron for brick, but 8uch a substitution would involve diffi- 
culties of other kinds. On the whole, the deficiencies were conspicu- 
ous enough to prevent its making a permanent impression, and it 
now appears to have become forojotten. 

M. Joly, in his ** Traite du Chauffage et de la Ventilation," says, 
"When we make a careful examination of our open fire-places as we 
actually find them, the first thought which strikes us is, * How absurd 
they are ! * They are indeed nothing more than excellent producers 
of dangerous draughts, and it is particularly to them that applies the 
famous proverb, — 

• Si le vent souffle sur toi au travers d'unefente^ 
Fats ton testament et mets ordre a ta conscience.^ i 

" The second thought is this: Why not take advantage of the heftt 
at the point where it is most intense, that is, at the top of the fire- 
. r J place ? Why cause the smoke to 

I ! • enter the main Hue at a height of 

^^ meter .70 from the ground, rather 
than at the height of 1 meter? Why 
not utilize first all the radiant heat, 
and then by means of a damper in 
the smoke-flue just over the fire (Fig. 
74), when the fire is lighted and the 
draught established, why- not, as in 
the Russian and Swedish stoves, torn 
the smoke into one of the idle pien 
under the mantel, converting it into a 
reversed smoke-flue, to lead the smoke 
under the hearth to the base of the 
other pier, through which it again rises to the mantel and returns to 
its starting-point before entering the flue V Why not bring all this 
smoke in contact with fresh air introduced from the outside, and 
entering the room through the fresh-air registers, as shown at the 
right and left of the mantel ? This would be more expensive than 
our ordinary fire-places ; but does the fuel that one burns cost noth- 
ing ? Do we derive from it all the advantage of which it is capa- 
ble?" ^ 

1 If throup^h a crack the draught you feel, 
Settle your conscience and make your will 
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Fig. 74. Suggestion of Smoke Cir- 
culation.. 
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We now come to the iron fire-place with direct or straight smoke 
flue and circulating air fluea. Fig. 75 repreHtnts tlie iffe-place of M. 
L<-r«s, profesBor of phyaicB 
ni the Lyceum of Alen^on, 
France. The fire-place is 
very j!li«llow,andconi'equeDt- 
ly a great amount of radiant 
lieat ia obtained. The fresh 
air circulates first under the 
hearth, then behind the liack 
niid sides of the fire-place, snd 
fitially escapes into the room 
through the register at the 
sides of (he mantel. The 
fire-place opening is covered 
with plates of polished copper 
to increase the rndiant heat. 
This fire-place would seem 
dillicult to repair nhen out of 
order, and liable to smoke on 
account of its incorrect form. 
Thedntnnej throat jnstabove 
the lire is too large, and the 
bnck of the fire place retreats 
above, where it should ad- 
1 lUce Tlie upper part of tlie 
flue ihown in the figure in- 





the (fue. 



chimney. This sadden increase would be unnecessary except ua a 
transition from nn oblong to a square ilue. 

■. 76 and "7 represent another device with a better section of 
Under the huarth is a shallow recliingular case of sheet- 
iron communidhting with the external air. Upon the rear part of 
this box are fixed a number of bont tubes for conducting the air from 
it to the freeh-air register above the fire. The burnt air passes be- 
tween the tubes before entering the brick flue, and warms the fresh 
air in its passage to the room. Fit;. 78 gives in section a. &re-pla«e 
wilh the tubes for fresh air horizontal iuatead of perpendicular. Thb 
armngement is less eflfective llian the preceding, in whifh a draught 
of fresh air into the room is produced in the tubes by tlie height of 




Fig 78 



Fig 7 



the column of warm air in them independently of the chimney drsn^itL 
With horizontal tubes no such independent draught exists. The ap- 
paratus represented in Figs. T9, SO, 81 , and 82 consists of b. sheet- 
iron open stove fitted into the opening of a, fire-place over a fre^- 
air Inlet situated under the hearth. A register opens into the room 
from the upper part of the stove, through which the w.irm air enters. 
The stove consists of two sbeet-iron boxes, one inside of the other, so 
as to leave a space between them for the circulation of the fresh s' 
The iron smoke flue is furnished with a damper at its junction with 
the stove, which is its proper place. The cheeks of the iron case are 
pierced with small metal plates, which extend into the fire and into 
the air spaces between the two cases. The outside air enters ihroush 
the fresh-air channels, rises, and comes in contact with the ends of 
the metal plates healed by the flame at the opposite ends. It then 
enters the room through the register jast above the fire. The appa- 
ratus, cooHldering its complication, is feeble in heating power. T^ : 
heating surface added by the plates is too small to jutitify the d 
lay; moreover, the spaces between them would quickly get clo 
with ?oot, and to clean them is exceedingly ir 





The fire-place of Fondet is represeoteii 
composed oE two horizontal cast-iron olinderB united by 
of small upright prismatic tubes ' 

arranged in rowo, diagonally op- 
posite and behind each other, in 
such a way that the smoke can 
pass between them before enter- 
ing the chimney Sue, us shown hy 
the arrow in the section. These 
tubes, which tlius form the back 
of the fire-place, connect with 
the fresh-air inlet duct at the 
lower end, and at the upper 
with the warm -air registers at 
the right and left of the mantel, 
as shown in the eleralion. The 
fresh air circulating through ihem 
is warmed by the (ire, and then 
thrown into the room through 
the registers. The soot ia re- 
moved from the outsidea of the 
email prismatic tubes by means 
of a tlun scraper passed between 

This apparatus is now one of 
the most extensively used in Paris, and gives the 






ch mney fl e r 
■wh cb rend ra the re o a 
of the Eoot fram the I 
quite d (Ecu t. 

To obv ft e he ohje 
Cord er mod fied 1 e a k 
8o as to render t n o ah 
Dur ng the sweep nj, of 1 e 
ch mney the back no e 
moved to the posit onahow 
by the dotted lines id ti„ 
86, thus entirely opening 
the mouth of the ehimne* 
In other respects the oper 
atlon of this' apparatus la 
like that of Fondet. Fig 
87 shows it in perspectiii. 
Fig, 88 shows the muv ible 
back, with the collar? on the 
right and left of the iippt,r 
horizontai cylinder to shut 
over the ends of the 
when in position, for thu 
purpose of keepin<; oat the 
soot. The upright tulits 
in the Cordier fire pHte 
are larger than in that of 
Fondet, and present 
heating surface. At thi 
same time tbey are less eati 
ly burned out. To increase 
their durability, however, 
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the small perforated fhielil (Fig. 89) is fitted to the front of the tubes 
to protect them from the immediate (contact of the fire and fuel. 
Fi^. 90 showa the fire-place back in profile. 

According to M. Boac, a French architect and writer on heating 
and vcntilatio;!, the calorific power ot this apparatus is much greater 
than that of Foiidet. He gives the results of some ejtperiioents 




made by the Central Society of Architects, Farip, to show this. 
The experiments were made in a room, he aa,ys, containing about 
fifty-four cubic meters of air. At the moment of lighting, the ther^ 
momcter stood at 1'° Centigrade. Nine kilograms of wood were 
burned, and at the end of two hours the thermometer stoml at 30°, 
showing an increase of 13°. A similar experiment, made a few 
days a^rwards in the same room with one of Fondet's bettei--known 
fire-placea, gave, in the same time and with the same 
wood, an increase of onlv 7° instead of 13°. 

In Fig. S7 is shown, \iehtnd The mantel, a portion of <.liR. 'str.'^Ub 



1 



flue made large enough bi contain a number o( amall fresh-air tubes. 
By this means a Btill greater amount of heat may be extracted from 
the smoke before it enters the brlek flue. But the upper enlai^emeot 
with enclosed air tubea does uot form a necessary part of the appa- 
ratus. It is objectionable, as well on aceount of its costliaess anil 
complexity as on account of the difficulty of cleaning or making 

The Lloyd fire-place is represented by Figs. 91, 32, 93, 94, and 95, 
Two strips of aheet irou bent as showuinFio;. 94, are fastened to the 
bilk of the fire place, of which i'ig. 92 gives a 
horizontal scttion, and make the uvsh-air flues 
shown in Fig 95 These two side flues aj% con- 
nected above the fire-place with a, cross tube 
square in section (Ilg. 91)- The fresh air eaters 
behind the fire place, circulates below, on each 
s di. and ahute the stove, and enters the room 
]ust o\er the mantel at the back ed^ of the 
shelf -ts shown in the vertical section (Fig^. gi). 
This fire plate is to be highly recommended on 
T-count, of lis extreme simplicity. But tlie ra- 
liit ti 'iurlaie ot its heating flues being small, 
Lum] .irLd with those of Cordier, Fondet, Joly, 
' Peclet UtSLroizilles, and others, it is corre- 
npoi dingly deficient in calorific power. In com- 
mon with all the above-mentioned fire-places, it 
I- is objectionable in bringing the air into immedi- 
ijf Fifs-Piace. From ate conlftct With highly heated iron about the 
om iriion. grate and burning fuel- For the purpose of de- 

riving the utmost advantage from an 
open fire, the radiant heat of the fuel, 
which, on account of its preciousness i 
(from a sanitary point of view), might ' 
be called "golden" heat as distin- : 



To this end the back and sides of the 
grate or fire-place should be constructed of the best radiating or re- 
flecting material, avoiding the metals. Fire-clay, tiles, or soapatone 
should be Miught. The conducting materials may be used in placet 
comparatively remote from the fire, whereby the waste heat of the 
Bmote may be saved without danger of burning the air. Or, in 
other words, the conducting materials should be used higher up above 
the points available for radiation. 

Mr, Lloyd placed a strip of metal on the mantel just in front ot 
the warm-air entrance, with the idea that it was necessary in order 
to deflect the current upwards as it entered, and thug prevent hori- 
zontal drau^ts. Such a deflector is, however, an nnnecessary com- 
plicatjon. The direction of the air current would be influenced chiefly 
oj its gravity or temperature, and, if warmer than the air of the 





o the celling; it colder, it woulil fall to the 
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to counteract the laws oE gravity by which its course was determined. 
The attion of thii fire-place when first introduced is thua described 
by Mr. Lloyd r — 

" The complete and agreeable change 
the room was at once apparent to every i 
beina barely habitable in cold weather, 
comfortable iti the house. This stove i 
December, 1850, and has been in use evi 
diiBculty of management, and with 
of the bouse. During the tirst 



the character of the air of 
!; and instead of the room 
was found to be the most 
I fixed at the latter end of 
ever since without the slightest 
itire eatisfaction to the inmates 
careful observations were made 
results are in many respects remarkable, 
the air issuing from the xir- 
ifortable tempi-i'ature; audit 
a heat of 60°, at which it can be maintained during the 
day with a moderate fire. The highest temperature that has been 
attained has been 95°, whilst the lowest on cold days, with only a 
Hmatl lire, has been 70°. The result of twenty observations gave tlie 
following temperatures: On two occasions the temperature was 9o°; 
the fire was large, and the door of the room was left < 
draught through the air-tubes was dimioished ; < 
temperature was below 80°, averaging 76°; the remaining thirteen 
gave an average of 80°. The mean temperature of the room at the 
revel of respiration was 61°, while the uniformity was so perfect that 
tliermometers hanging on the three aides of the room rarely exhibited 
a greater difference than 1°, although two of the sides wei-e external 
walls. As might be expected, there was no sensible draught from 
the door and window. On observiug the relative temperatures of 
the inflowing and general air of the room, it appeared that there 
niust be a regular current from the ceiling down to the lower part of 
the room, and thence to the lire. The {allowing current, being of a 
temperature nearly approximating to that of the body, was not easily 
detected by the hand ; but on being tried by the flame of a candle it 
was observed to be very rapid, and to pursue a course nearly perpen- 
dicular towards the top of ihe room, widening as it ascended, ^' 



It open so that the 
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s also noticed that the odor of dinner was imperceptible 
markably short time after the meal was concluded. In onler to 
the course of the air with some exactitude, various expedients were 
made use of. It was felt to be a matter at great interest to ascertain 
if possible the directiiKi of air respired by the lungs. Tlie smobao^ 




a ci^ar, as ilischarged from (he mouth, has probably a temperaliin! 
nbout ihe sHrne as re^pirud air, higher rather than lower, and «u 
ihurefore assuiued to be a satiafatlorv indicator. On its Ixiing re- 
peatedly tried, it was ahaerved that the smoke did oot ascend to anr 
great beigbt in the room, but tended to form iteelf into a Mmy cloud 
at about three feet above Ihe floor, at whk'h IcTel it maintained itself 
Eteodily, nbile it was gently wafted along ihe room to the fire-place. 
In order to get an abundant supply of visible smoke at a moderate 
temperature, a fumigator charged with cut brown paper was osed, 
By this meana a dense volume of smoke was obtained ia a fe<r 
seconds; and it conducted itself as in the last- mentioned experimetil. 
On discharging smoke into the infiomng air current, it was diffused 
so rapidly that its course could not be traced, but in a phort time no 
smoke was observable in Iho room Another expenmeot was xa*Ae 
with a small balloon, charj^d with carburetted hydrogen gtu, and 
balanced to the spcLifii gravity of the air On setting it at liber^ 
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near the air-openinn;, it was borne rapidly to Ihe ceiling, near which 
it floated to one of the sides of the room, according to the part of the 
current in which it was set free; it then invariably descended slowly, 
and made itx way with a gentle motion towards the fire. The ur 
has always felt fresh and agreeable, however many continuous honis 
the room may have been occupied, or however numerous tbe ocva- 
pantB. It is difficult to estimate the velocity of the inflowing cur- 
rent; bnt if it be assumed to be ten feet per second, there would posi 
through the air-tubes in twelve minutes ax much air as will eqiul 
the contents of the room. And as it appears that the air so ad- 
mitted passes from the room in a continuous horinontal stream, cairv- 
ing with it up the chimney vitiated air from the lamps or candltt, 
and all vapors rising from the table, it is by no means surprising thai 
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the air should always be refreshing and healttiful. Since this Btove 
has lieen fixed, othern have elsowliere been fitted up on the same prin- 
ciple, and have been found to exhibit similar satisiactorj results." * 

We give in Figs. 96, 97, 98, 99, 100, and 101, plan, sections, and de- 
tails of the fire-^ace of Joly. It is unquestionably one of the best of 
its kind knonn. It is easy to set, easy (o repair or clean, and easy 
to manage; simple in construction, effective in action, unobjection- 
able in appearance, and equally suitable for any kind of fuel. 

The fresh air enters under the hearth through a proper duct, and 
the hot-air chamber behind the cast-iron shell forming 
the back of the fire-place. 
Within this shell are placed 
either andirons or a grate, 
according as wood or coal 
be burned. A frame 
and damper at the cbim- 
nev throat regulate the 
of the opening. The 
freih air passes under, be- 
hind, around, and above the 
shell, and enters well heated 
through the regist^irs at the 
ri^bt and left under the man- 
tel. M. Joly has given am- 
' for the fresh air, in 
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principle of supplj-in_^ 
pie quantity of air warmed 
I moderate degree, rather than a small 
quantity raised to a very high temperature, 
■ ■'■ — unduly dried and perhaps burned. 

An ordinary sliding blower is attached to the front face of the fire- 
place, for the purpose of in- 
creasing the draught when 
desired. In order to utilize 
the heat of the smoke as far 
as possible, adrum Is placed 
above, and by an inp 
arrangement of sliile 
smoke may be made to pass 
to the right or left at pleas- 
ure, or to suit the position 
of the brick flue, as shown 
In Figs. 98 and 90; or, 
again. It may be made to pass 
mo^t cut. 

represent the fire-grate recommended by 






en Fire- Place. 

ai>poin(ed far Improving the Sanitary Con- 
ditioD of Barracks ami riospitals. Thjt 
apparatus, Bometjines callud tlie Gaitoi 
\eniilaling Fire-place, though simple^ 
combines the adTaiitagea of many ix'' 
lliosi; juKt duecribud, the heat-radi&tiif ' 
riba or fiiw^s of Joly'a lire-place, tiw 
(•played sides of Gauger and Ran- 
ford, the contracted tliroat, and at the 
same time furnishes us witli an example 
of the use of a aon-conducting, power- 
fully radiating material for fire-back 
and immediate contact with the fuel 
" ■" The grate is plsoed as far forward in 

possible. The hearth is made of plate or caiit-iron. Tlie 
grates are of three sizes, according 
to the cubic contents of the room tc 
A grate with a fire-open- 
ing of about iO cenlimelers is lor a j^ 
room of about 150 cubic meters 
pacity; with anopeDing of 4d ce 
meters for 25 U cubic meters; 
witli an opening of 55 centimeters "^ ""' 

, for 350 cubic meters. Beyond Ibis, two or mora 
e required. Butween the Sre-clu.v' tump 
^nd the iron baek of this grate is a half-inch air 
s|i,ice to admit a supply of heated air to the fuel, 
and secure a more perfect combustion of the smoke. 
'■'his grate is eaeily cleaned or rep^tired, the front 
lieing secarcd by screws, which ean bo taken gal 
wbtn rt'juired, end thus render Ibe interior am! aif 
ibanibera accessible. In this fire-place fresh air ii 
heated only in the immediate neighborhood of the 
i;rate, but Captain Gallon, in the appenilix to hii 
book on the Construction of Hospitals, recommund* 
fxiending the available bfatingt'Urtni.-e of the Bmoke- 
llue by carrying it througii some fresh-air (tae, Tliii 
plan was adopted in the Herbert Hospital in tlui 
manner shown in the preceding Fig. 68, wtatm 
the hre-place 
Do^uJilt Gi'toli ^^ chimney 

placed in the centre of 
section), which suppli 







of the ward, 

eequently passes under the floor, 

lion in the figure. The flae ii 

re fresh-nir flue (also shown b 

to be warmed by the fire-place. 

By this means a heating surface for the fresh air of about four square 

meters additional to that of the lire-plaee is obtained. The siui^e- 

flue need not, of course, descend as in the Herbert Hospital, Instead 

„ n the fresh air before it has reached the ven- 

tiUting fire-place, which involves a descending smoke flue thia lir 
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may be first passed beliind the fire-place and then c 

lati: around the smoke-fliie. The smoke tbi-n 

reverijion. The manner in nliiL'h it may be ac- 
I compliBbed ia ahown in Fig. 105, and in this form ^ 

of chimney we fiod ihe true principle of the vi 
' tilating Gre-place. The rarlinat heat of the I 

is inureaaed by the fire-brick backing, whili: the I 

heat of the smoke ia alilized for a considerable I 

diatance up the flue, the fresh air being warmed | 

in a cliamber remote from the burning fuel. 

Tbe fire-place Elands well out from the wall. | 

The fresh air enters behind and below [he gr 

and enters the room near the ceiling well wanned. | 
Figs. 106 and 107 show the plan of thia I 

place, the Rrat dei>i^ned with a grate to burn E 

coal, and the aecond with andirons, and recessed 

deeper, to burn wood. This apparatus is simply 

a modifieation by General Morin of that deacribtd | 

bjr PeL-let in IB28 (Fig. 108), in which the freah | 

air paaaea tbrougli a tube, while the smoke si 

rounds it aa it passea up tbe brick anioke-fiue. | 

Thia system is inferior to that oE General Morin, | 

inasmuch as a greater proportion of heat ia lost 

bj- absorption in the surrounding brickwork. 

The ascent of the siuoke, moreover, is niore 

dillicult on account of the obstructions olTered | 

not only by the rougbness of the brickwork, but f 

by the presence of the fresh-air due, whereas ii 

Murin's chimney the round iron pipe fumlahea I 

a smooth passage of a form Ihe [nust favorable | 

possible for the ascent of smoke. F'lg ids 

la 1832 Captain Belmas, in the Memorial de rOlliiier du O^nic, 

apeaks of n chimney similar in principle to that of Feclut. FiuHlly 






Douglas Galton applied the same principle, very sliglitly modifying 
the form, in heating the English barracks. 

According to General Alorin, these fire-placei were di'siuned lo 
utilize more effectually than the common forma tbe heat given out by 
the fuel by introducing a considerable quantity of fresh air wanned 
to a moderate degree, to replace that which has passed up ilie chim- 
ney, and also to reduce like amoant of cold air enlerin^ froux the 



oaUide through the cracks of the doora Anil windows. " But nliile," 
' "' "' ■ ' ■ ",t first proposed drew in but a small ijaantitjr 

of freEh air, acareely eoual to one tenth of 
that piiBsing out through ihe chiiimey, and 
raisod it to temperatures of from 90° to 110° 
C. (ahout 200° to 250° F.), and often more, 
the forms devised hy the in^nious C^>- 
tain Dou!>Ias Galton for tlie fire-|>lacea of 
Englieh bamiclis have furnished a very sat- 
isfactory solutbn of the problem, as has been 
proved by some experiments made with two 
fire-places of this kind at the Conservatory of 
Arts and Trades. Obaervatioas sbow that 
the amount of air admitted to the room al 
the ceiling throngh the fresh-air ducts &t 26° 
C, (about 80° F.) differs but little frwm that 
passing off up the chimney, so that the ad- 
mission of cold air through the doors is al- 
most prevented. This introduction of f 



warmth produced by the 
ordinary radiation from 
the ■ 





heating effect, whifh be- 
comes as much as thirty- 

fivopercent of the heat — = 

produced by the fuel, 
while the common forma 
of fire-place give but 
twelve or fourteen yicr 
cent, and those supplied 
with Fondet'g apparii- 
tus but about twenty per 

Nevertheless, the 
Galton fire-place is but 
little known, and sel- 
dom lobe found in act- 
ual use. Bom lays its 
failure to the difficulty 

't wlien worn out, and to the unusual amount of 
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I the chimney breast. "This kind of dilmney flue," 



it be used ii 






"requires too much r 

it becomes frequently 
necessary to carry up 
eight smoke-flues in a 
waU four meters long." 
The snino objections Are 
urged by Joly, who sa) s, 
"It ia always necessary 
to provide access to theaa 
double flues for the pur- 
pose of cleaning or re- 
pair, and if they are built 
m the walls, the space 
required for the twenty-^ 
five or thirty flues of nn 
ordinary liouse woul<l be 
enormoua. On the other 
hand, what au efiect these 
double envelopes would 
have in our apartments 
if concealed bemnd mov- 
able Qasm Eulijeet lo ex- 
pansion and fon traction 
under the influence of 
the heal I The principle 
is good for barracks, but 

why not here simply ""'* ""■ 

leave the flues exposed to view?" It may be further objec 
the actual saving of heat by the use of such an arrangement is sua 
too limited, although, accanling lo General Morin, it is even greater 
than willi the apparatus of Focdct. 

VENTILATING PIRF.-PLACEa MANOFACTnBEIJ IN THIS COUSTnY. 

Figs. 109 and 110 represent in plan and section an escellent form 
of ventilating fire-place made in ibis country- 
It is similar in pinnciple to ihe Joly flre-place, but is in some re- 
spects superior to ihb French example. The back of the grate is lined 
with flro-clay, by whicli the radiation is increased and the iron pro- 
tected. Instead of the ribs or gills cast on the outer surface of the 
Joly grate for increasing tbe radiation of the iron iu contact with 
the fresh air, we have here a jacket of corrugated sheet-iron fitting 
closely around the grate. This is an ingenious substitute for the 
fixed ribs, and has tlie advnnt^ of economy and compactness, while 
it serves at once as a radiator and aa a series of hot-air flue-i con- 
ducting the fresh air upwards, and I'etaioing it in close contact vrilh 
the iron back. 

Above ia a drum like that of Joly, but beltftt \ocMe.i,'^ 




ed that 
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It II farther from the flame, 
snil IS thrown bai-k, «a that 
while It allows the fresh air 
to luipingo upon its lower 
surface as well as upon lU 
sides, it throws the fire-plate 
forward into tlio room where 
Its radialiOQ is more effective. 
The drniii is also provided 
with acomigaled iron jacktit. 
The air is adoiitted into the 
room either through a rep*- 
ler placed in the projuuting 
iron hood jast over ihe grute 
and under the mantel-piece, 
an'l fbriiiing part of the port- 
ablit fire place, or it may psM 
up the fresh air duct sur- 
rounding an iron smoke-flue, 
to the ceiling, where it ntsy 
he admitted, as in the Gallon 
fire-places, through a regijlur 
near the cornice. It inny be 
u=ed therefore either with or 
mthout the double Braofce- 
due, and the warmetl fresh ^ 
ma) be conducted into rooms 
above as well as into that con- 
taining tJie fire-place. Figf. 
1 1 1 and 112 eKplain the man- 
ner in which this is done. 

A novel and useful feature 
in this fire-place is Ihe sliding 
blower or blowers of iron em- 
bi'Ilished with tran spare ndes 
of mien elate, so constmeted 
as to elide bai;k into gsi- 
tight pockets. These gas- 
tight pockets afford, it is 
claimeu, addtlional Eocurity 
a<;ainst the leakage of gai 
into tbe-air heating chamber. 
The blowers, one &bove in 
front of Ihe grate, and one 
below in front of the ash-^pit, 
may be wholly or partially 
opened. 

Ample space is left behind 
the (ire-back for the intro- 

AvBsUoo of earthen jars at 

tfCQCt iVv ' 



;-di»h may be 
UHe^, with biiU-oDck nnil 
Bupply-pan outside. Tlie 
ro9t of thiB fire - [ilaee, 
which ia called tlie '' Fire- 
Place HealKr." is ftdver- 
Ii9e'l at from S46 to SSO.> 
Much of the bhcccbs 
of these ventilating fire- 
places depends on intelli- 

followiog out ihe direc- 



ilucts should have nn 
area equal to that of the 
amoku-flue, in order that 
all the air passing up the 
chimney mny be drawn 
from that source, and not 
be compelled to enter 



thro 



di doc 






The 

has useil this fire-place 
ill one of hia office rooms 
during the winter, and 
made the following prac- 
tical lefts as to its heat- 
ing and ventilating pow- 
ers. The room is the 
fiame in which the ex- 
pprimenCa on the old fire- 
place represented in Figs. 
1 and 2 were made, and 
muaenred S hy B by 3 me- 
ters (about 20 by 20 hy 
10 feet). 

The old fire-place was 
removed and theventlUt- 
ing fire-place pat in its 
place. We have seen by 
our experiments with the 
ordinary fire-place oriji- 
nally used in the oiBco 
thai the combustion of 
three kilograms of wood 
served to raise the general 
temperature of the room 
but 1° C. Although the 
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outside tir stood as high m 13° C. above freecine, it was still t° be^ 
lov that of the room when the experiment was CHBgUD, and as there 
waa no furnace in the building, the air to Buppljr the drapglit wa» 
obliged to come in uDwaroied from the outside, and was Bufficienttj 
eold to combat succesBfullj the heat of the fuel, of which we found 
only six per cent was utilized, the remniuder, or ninety-four per centi 
passing away np the cbimaey to be utterly lost. 

EXPERIMEST8 WITH THE " FIKB-PLACB HEATEB." 

The first of our experiments with the " Fire-Flace Heater ** were 
made on the let of January, 1879, when the external air stood at 0° 
C. At the beginning of the experiment, the thermometer in the 
room stood atH.^s^C.; fourkilogrBimiiof dry pine wood were burned. 
At the end of half an hour the mercury had risen to 15.50° C., and 
from thence it began gradually to fall as the fire went oat, until at 
the end of an hour it stood at 15°. The fresh air was conducted to 
the back of the heater through a brick flue opening to the outer air 
under the window. It entered the room warmed through two open- 
ini;s just under the mantel, right and left, over the heater. 

i?be following table gives (he result of the test: — 
TABLE III. 
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The Open Mre-Plaoe. 

The table shows ua that three ki!o<;i-am5 of wood burned in this 
fire-place raiaeJ the teoiperature of the room 4P C, or over four 
times aa much as the eama amount burned in the ordinary fire-place 
accomplished. 

The heat iaved from the back of the fire-plaee was sulBcieat to 
raise the temperature of 2, 223. BO -f- 878.86 = 3,108.75 ouhie meters of 
air 1° C. Or, since one cubic meter of air weighs 1.3 kilogrBms, 
8,109 cubic meters would weigh 4,041.7 kilc^rams, and the specific 
heat of air being 0.24, we have 4,041.7 X 0.34 ^ 970 heat units 
saved. Add about -X for heat still remaining in the back and sides 



if the fire-place at the end of the experiment, and we have a total 
of about 1,000 units of heat saved by this apparatus in every 4 kilo- 
grams of wood. 

If we assume as before tliat J kilogram of our dry wood yielded 
3,S90 units of heat in the process of combustion, 4 kilograms would 
have yielded 14,3C0uijit3. Therefore, our 1,000 units saved would be 
equivalent to 7 per cent of the whole amount of heat possible to be 
obtiunud from the fuel. Add 6 per ceut for that due to direct radi- 
ation, and wo have 13 per cent utilized, or over twice aa much aa 
was obtained from the ordinary fire-place. With coal the amount of 
heat utilized would be 7 -|- 13 = 20 per cent, or the same as is ob- 
tained from the apparatus of Foudet, according to the calculatious of 
General Morin. If, in connection with this beater, the double flue 
of Bulmas or Galton is used, as ia recommended by the manufact- 
urers, the Baviug may be 5 or 10 per cent f>reater, making a total of 
26 or 30 per cent. In order that the conditions under which this 
heater was tested might be as nearly as possible the same as those 
attending the te«t made on the old fire-place recorded in Table I., 
another experiment was made la'ter in the season, when the ther- 
mometer of the external air stood at 13° C. The air of the room 
waa raised by the combustion of 3 kilograma of wood from 17° to 21°, 
or i^in, 4° C, and in all tbe experiments the temperature in all 
parts of the room was very nearly the same. The entrance of cold 
currents tbrnugli door and window cracks was almost entireljf 
avoided. The movement in the air was imperceptible, yet the venti- 
lation was perfect, and no disagreeable odor waa perceptible for any 
length of time, even after the room had been filled with mechanics 
and laborers. We see by columns 7 and 8 IliaC there pnaaed into 
the room a ventilating current of warm air at the rate of over a cubic 
meter a minute from each of the two registers, making together in 
the hour over 160 cubic meters. This air was at no time heated 
above 32° C, and averaged about 22°, — a mild and pleasant tempera- 
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A test was also made at the top of the chimney t( 
temperature of the air aa it issued from the mouth. The thermom- 
eter rose as high as 82°, and then becran to fall. By Table I. it will 
he seen that the temperature with the old fire-place rose to 84° 
and 90°. The difiereuce by this test was, therefore, apparently unim- 
portant, though a careful measurement, with the anemometev a-cA. 




The Open Fire-Ptace. 



(Iie^rniometer, o£ ibe hent anhf thrown oat would 
hnve stiown a saving corresponding with Ibat tle- 
lucled below. 

Fig. 113 gives n sectional cot of another fire- 
place manufactured by the same company. TitiB 
apparatus consistg of a double stove, the inner one 
l>t^ing used to hold the fuel and carry oEE the proJ- 
uets of coiiifauition, and the F|ia(:e bclween tbe 
inner and the outer serving to warm the fresh air 
lobe introduced into the room. If a blower be 
used over the fire, the open fire-place is converted 
into A L'lose stove or furnace, with fresli-air flueB, 
etc It s unq Jen onnhly one of the most Hatisfftc 
Icnown in tl s countr; des gned for con bin ng health 
"J 




tilatms fire-p\M' , < ,i..i.il tin liYmra\i.VL lleMer.oE which Figa. 114 
and 1 15 give jjei'sjieclivc view aud vet\\(;!i\ stciXoti. ~^^^ 



The Open Fire-Plaee. 

The principle of tliia healBr is tlie same as 
resenWil by Figs. 7G and 7 7. It lias, however 
the latter, tliat the upright freah-iir tube! 
to form an air-tight fire^ac-k, and enter a 
directly o\fer tUo flame, having its lower 
tide ioclined at an anjrle with the back 
BO as torellectthe heat into the room and 
throw the flame forward. This arrHn^e 
ment of the tubes and hot-air bo\ gm^ 
tlie fire-place a more desirable section fn 
radiating heat. As for the artistic effti t 
of the exterior, none of ihe ventilatin^r 
fire-places heretofore represented have 
much to claim, and in tlie present ca^i 
it is passible to conceive of a rorin mon. 
pleasing than that represented in our cut 
But a slight modilication in the treat 
went of the hood would probably bn 
sufficient to remove all objection on the 
score of appearance. 

The fresh air, after having been lle^t^'d 
in the tuiies and box, is either conducted 
immediately into tlie room Ihroucrh reft 
istera opening under the mantel, or It 

the rooms above, as eliown in the sec 
lion (Fig. 115). 

In order to make an accurate test of the 
hentinn power of this fire-place, the writ- ' 
cr haci one placed in tlie room in which 
the previous experiments were made, 
and obtained the following results: — 




Hi IIS. 



1 WITH THR DIMMICK liKATEU. 

The heater was set out in the room in front of the mantel, and 
the fresh air conducted through a brick llue direct from the outside 
to the iron chamber under the upright tubes. The heated air en* 
tered the room through two openings perforated in the upper hot-air 
box over the lire already described, one at the right, having an area 
of iO square centimeters, and one at the left, having an area of 104 
square centimeters, and it was assumed that the volume of the fresh 
air given out by each was in proportion to the size of the opening, 
while the temperature was the same. The observations were made 
upon the right-hand opening. In order to protect Che theniiometer 
from the direct radiation of the iron, a brick flue was built around 
this opening and carried outwards horizonl^tly about eight inches, 
and thence upwards about a foot, so that a thermometer hung in the 
upright portion of the flue would indicate witii greater accuracy the 
temperature of the hot-air current and not be greatly iofiueiufiii.W] 
radiation from any outward source. 



The Open Fire-Place. 
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At the time of the experiment recorded in tite followini; table, Trom 
iiin« to eleven o'clock in ihe evening of April II, 1879, the oattldi: 
Air Btood St 4° C, and the air in the room at 16°. The anemometer 
was agHin tested in n current of air of knovn velocity, and found to 
be accurate. The allowance to be made for friction was recalculated, 
and found Ui agree with that made in the previous teats. 

Three kilograms of dry pine wood were burned, and the amoant 
of ventilation effected andlieat saved by the apparatus is shown by 
the following: — 
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The Open Mre-Plaee. 

TABLE IV. (Continued.) 
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Mon.— BaanlCi obCidiied bj HlooliUan ue IndiMed In huTj flgum. 

Thii table shows us (column 6) that the heat saved from the back 
of the fire-place and issuing with the air through the right-hand open- 
ing of 40 square centimeters area was sufficient to raise the tempera- 
ture of 1,180 cubic metere of air 1° C. The other opening, having 
an area of 104 square centimelere, must therefore have given out heat 
sufficient to raise 1,180 X "^ =^ 3.068 cnbic meters of air 1° C, 
tlie two making a total of 3,oe8 -f- IilSO = 4,248 cubic meters. 
Since, as before, 1 cubic meter of air weighs 1.3 kilograms, and the 
apeuific heat of air is 0.24, we have 4,248 X 1.3 X 0,54 = l,32o 
heat units saved by this apparatus in every 3 kilograms of wood. 

Assuming chat the 3 kilograms of wood here used yielded 10,770 
heat units in the process of combustion, our 1,325 uuite saved would 
be equivalent to iWr'V ^^ ^^ P^** '^^''' '^^ '''^ whole. Add i> per cent 
for that due to direct radialion, and we have 18 per cent for the 
total amount of beat realized from the fuel, or just three times as 
much aa was obtained from the ordinary fire-place. With coal the 
amount of heat utilized would be 12 -(" ^^ ^ ^^ P^'' cent, c 



cent more than is obtaineU from the apparatus of Fondet, aocorcliag; 
to the calailalionB ot GtnerHl Morin. If, again, in connection witu 
the Dimniick Heater, we use thi: ujiright double ilue as shovn in the 
seutionul cut, ihe heat realized is inereased 5 or 1 pur cent, making 
a. total of .40 or 3fi per cent. It therefore appears from these exper- 
imentB that the valorific power of the Dimmiirk Heater is aomewhtit 
greater than that of tlie " Fire- Place Huater." But, whereas thu lat- 
ter threw into the room during the conibualion oF i kilograms of 
wood, as shnwD by colunina 7 and 8 of Table III., H2.05 -f- 7S.85 ^ 
16D.9D + i^X 160.9) =. 1G9 cubic meters of air heated on the 
average to a mild temperature of ii" C, and at no lime exceeding 
32= Ct the Dinimiuk Haaler supplied only 1S.4 + (^ X ISA) =17 
cubic nietera through the right-hand OMiiing, and 17 X '^ ^ '14 
cubic meters through the left-hand o[«ning, or a tolal of Ul cubic 
meters during the combuslion of 3 kili^rams of wood. Or for 4 kii- 
D^rams 61 -|-|(61) = 80 cubic meters heated during 20 minutes of 
the time up to 100° C., or tlie boiling point of watttr, and at one time 
as high as 121° C. By using a fire-clay back in front of the cast- 
iron tubes, and by either increasing the size of the fresh-air passages 
or else allowing the fresh air to cu^ujale behind the tubes as well aa 
through them, the heater might be materially improved, and a still 
greater percentage of saving obtained. This improvement might 
be made in setting, without imering the castings. The cold air en- 
trance pipe shown in Fig. 115 should be increased in size, and should 
receive Ihe air behind as well as under the upright pipes. It should 
be provided with a simple damper to diminisn the supply of cold air 
at pleasure lo correspond with the ventilation required or ihe auiount 
of fuel burned. The air passing up behind would then serve aut 
only to lower the temperature of the pipes tiiemselves by extract- 
ing some of the heat whith would otherwise pass off, by absorption, 
Into the brickwork, but also to diminish, by dilalion, the heat of 
the air issuing from their tops, and improve ilie ventiltition of the 
apartment by introducing into it a larger volume of air he:ited to a 
lower temperature. Even as it is, it ranks as one of the best and 
moat powerful ventilating lire-piacei of its kind yet known to the 
public. It is advertised atfrom »40 to SoO, with SIO extra (or Hue to 
y heal to ceiling or to story above.' 
e above Tablus IIL and IV. , although records of single experi- 
ments, are repri^sentatives of a large number made Co verify each 
other. The tests were made with such care that the results were 
closely similar where Ihe amounts of fuel burned were the same, and 
its hygrometric condition the same, i. e., cout^aining about ten per cent 
of water. 

Where latter quantities of fuel were burned, the saving of heat 
would vary in proportion, on account of the varyin" absorption of 
heat in the walls of the heaters and in the brickwork. There 
should also be a slight variation, for the same reason, between Ihe 
calorific power ot the heaters themselves, corresponding to variations 
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in the amountB oE fuel conHunied, because of tlie different methods ot 
Betting, and of the presence or absence o( a fire back: inside the iron 
case of the ntove. 

In order to Bauerta.in these differences, as well as to teet tnore full/ 
the accuracy of the results previously obtaineil, careful expt^rimentii 
were made on two successive evenings, on the Dimniick Heater, and 
on the Fire-Plaee Heater, These two heaters may be taken as typei 
ot the various kinds of ventilating fire-places heretofore described, 
and their calorific power once accurately obtained, we have a gauge 

These may he divided into two classes, the first having hot-air cir- 
culation tubes, and the second having a radiatin<r drum above the bre 
and a emoolh or ribbed shell for its fire-box- The Dlmmii'k Heater 
represents the first, and the Fire-Place Heater the second class. The 
experiments were made under similar conilitions with those previously 
made, but burning in each case eight kilograms of wood, Instead of 
three. Most of the experiments herein described having been made , 
after office hours, the liability to interruption was avoided and greater 
accuracy assured. 

Great care was taken to protect the thermometers by plates of 
glazed tile from the direct radiation of surrounding objects likely to 
affect them. The experiment recorded in Table V. was made on the 
Fire-Place Heater ; that in Table VI. on tlie Dimmick Heater. In 
the former the size of the lefl-hnnd register was slightly enlarged 
beyond what it had been in the previous experiments, measuring 
in this laO square centimeters in area and in the previous only 140 
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V. (^Continued,) 
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square centimeters. Both heaters were set in the most careful man- 
ner, so as to insure the best contact of the fresh air with their 
heatinjT surfaces, and the observations were taken nearly every min- 
ute, although only one in every five minutes is recorded in the ac- 
companying tables, on account of want of space. The calculations 
were made on the figures for each minute, and the sums of the results 
obtained for intermediate minutes not here recorded are placed in the 
tables opposite those given. 

By Table V. we find the heat saved by the Fire-Place Heater 
in burning eight kilograms of wood was sufficient to raise the tem- 
perature of 6,797 cubic meters of air 1° C. This is equivalent to 
2,121 heat units. Assuming that our eight kilograms of wood, contain- 
ing about ten per cent of water, yielded 8 X 3,590= 28,720 units, the 
amount saved was again seven per cent, as in the previous experiments 
of which Table III. records one. Add six per cent for radiation, and 
we have again thirteen per cent utilized where wood is burned, 
and 7 -j- 13 J or twenty per cent, where coal is the fuel, and with the 
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as beForo. We see 


by this table, columns 1 and 10, that, while it ^^H 


took but a little over 


an hour to burn up theeightkilogranis of wood, ^^^| 


the heat remained 


n the fire-back and brickwork for over two hours ^^^| 


and a. half after the wood was burnt out, and that, indeed, more beat ^^^1 


was given out after the fire bad gone out than while it was burning. ^^^1 
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By Table VJ. we have an equivalent of 2,64S cubic meters rairajl 
C. for the opening of forty square centimetiirs area, and 2,645 X W^ 
6,877 cubic meters raised l" C. for (he other opening, making a. toliT 
of 9,522 cubic meters. This ia equivalent to 2,9 7 1 heat unite, makine 
a saving of thirteen per cent, or one per cent more than was obtainea 
by the previous esperimeDt recorded in Table IV. 

Fig. IIG, redrawn from Johnson's Encyclopedia, represents a veo' 
tilating fire-place exhibited in the English Departnieal: of the Ceo- 
tennial Exhibition of 1876. It is very similar to the Dimmick Healer 
in principle, though widely different in the appearance of the esteriar 
and in tne manner in which the heated air is introduced into the 
aparttnent. These two fire-pIaeeB are not provided witli set bloweri, 
as is the case with the Fire-Place Heater, and with the various furmt 
of the Baltimore Heater, so called. In the Fire-Place Heater a fire 
may be kept over night by replenishing with fuel before retirioc and 
leaving all blowers wide open and the base draught damper ^dej 
cloied. If it be desired to put out the fire altogether, the lower 
blidiag-blowere and the base draught damper should be shut and the 
upper blower slide left wide open. On the other hand the fire aitt 
be made to burn out slowly where the chimney draught ia strOQg, 
by shutting all blowers. There will be sufficient infloiv of air throi^ 




tore morning. Thus the fiw 
is quite under control, and m»j' 
be regulated to suit any con- 
dition by properly adjusting 
the blowers and the sliding 
dampers in front of the bwe 
of the stove. Wlien the« 
blowers are closed the Fin- 
Place Heater ia eomevrbatiun' 
ilar in exterior appearance 
the Baltimore Heater, butmoi* 
inviting -looking for privsU 
houses as having less the sp- 
pearanea of a furnace io lb« 
arranffemont of the blowup 
The Baltimore Heater it ttU 
to have been invented abool 
thirty years ago by Latioix, 
and was for same time calN 
the "Latrobe Heater." Ilii 
liow manatactured by difleiMi 
firms under various namefc 
prominent among which ■»■ 
the " Saw Silver Pahioo" ' ' 
ihe " Baltimorean," nuhi 
Bibb & Son, of BaltimcMo ■ 
"' manufactured by Fuller ' 
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n & Co., of Troy, N. Y., ami the " SunnvBiUe F[re-Place Heater " 
of Stuart, Pettraon & Co., PhiLidflphla. The^e heaters are really 
notliing more than small f uroacea, set in an ordinary fire-place nnder 
a mantel. They have regular swinging furnace doors, provided with 
transparent mica panels arranged in tiers over each other like the 
windows of steamboat etaterooma. They have, however, this great 
advantage over the ordinary furnace, that though they cp^nnot be con- 
verted into an open fire-place at pleasure bv eimply sliding the blow- 
ers into side pockets, they never hele s fum ah d rect rad a on n 
that part of the house where t s needed and heal hful ri her han 
in the cellar where it is worse than useless These h aters a e pro 
vided with double Hues to util ze he heat of the s oke n he man 
ner already shown in Figs. Ill 1 2 and 1 5 

Figs. IIT and US show a Yankee nethod of en nn 1e Gal 



pipe takes the form 
of " an elegant stove," 
and ia placed in the 
room in front of the 
fire - place which is 
built for ornament 
and " eloaed up nice- 
ly with a screen.'' 
With all ita taatiness, 
what a cheerless and 
uninviting effect ia 

E reduced, and how 
ilse the treatmciii 
both artistically aud 
licallyl Inon.. 
the design is 
■ue ; the heat ig gen- 
rated by a atove be- 
low and by 






jnted. But ii 







other aense it ia false. 
The envelope has the 
form of a heat-gen- 
erator without per- 
forming i(B functions 
of consuming fuel or 
producing ventilation, 
and the fire-plate ia 
a sham of the worst 
kind. FraclJcally this 
treatment ia in every 
reajiBct contrary to Uie correct principles of bti 



lation of the room is by it reduced to a raiaimuin, notwithetandiii 
the deceiving presence of the fire-place, even when unscreened. 
The radiator, instead of warming treili air from the outside oi 
a it should, simply creates a. feeble c 
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again through the fire-place ope 
draught is produced by tliis fin:-] 
□a firt; of Its own, is eyen mare 
absolutety hostile to ventilation 
thau the famous anti-ventilat- 
iao German porcelain stove it- 
self. It ia worse than the ordi- 
nary stove, because it is necee- 
Barily hermetically sealed for 
the sake of the draught in the 
range below. 



We come now to a forna of 
ventilating fire - place which 
combines to a remarkable ex- 
tent the desiderata heretofore 
set forth, and at the eame time 
presents a moat pleasing ex- 
ternal appearance. In the 
front elevation (Fig. 121) we see 
apparently nothing more than 
the usual open fire-place with 
a frame decorated in a taste- 
ful manner. The fresh air 
enters the room through the 
open 'Worked top of the frame 
at F. Tlie aeciion {Fig. 119) 
shows us the manner in which 
this fresh air is warmed. 




1 the lower chamber B B through the regjsier A, where i; is 
partially warmed before it rises to the chaiubcr surrouoding the 




back and sides of the fire-place. Thence it ( 
where it plays around the short tubes formin 




[ 



and passea thence tbrougli tlie perforated frame above described ii 
the apartment. Fig. 12^ i<lioivs the pkn of the grate and the ap- 




paratuB for sliutting off t\>e iveaVMt t^vivvM- '^^^* laUer conaiBts 
simply of a disk of iron rota-Vei t^' n \e'itt w as Vo lio'ifc -^Via-j u. 



the Open 



fire-Tu 



laeB. 



uireDC of fresli air seC in. and 
Dugh to blow oiit the li^'lit of 
:nougu to melt llie wax. As will be 
the room at the rate o( one hundred 
e, heated nearly to tha boiling point 
9 the heat that the metallic part of 
rrent soon became too hot to touch, 
es ai'e needed tlie mantel-ahelf used 
[istructed of terra-colta, marble, or 
o avoid danger of deetruetion 



in part the mouth of the fresh-air duet shown in section at A. Fig. 
120 showfl tlie small smoke-pipes in the chimney throat with the 
fresh-air chamber aurroundin^ them. 

Table VII. shows the heating power of the Jackson Fire-Pla*;e. 
Before lighting the fire the anemometer at the register was motion- 
less, showing that the air was stagnant, and the ventilation nothing, 
or at least imperceptible, inaHnmeh as the doors and windows were 
tiebtly closed. 

The moment the fire was kindled a 
in a few moments became powerful ei 
a candle held in it, and warm enough 
Been by the table it poured into the re 
and thirty-eight meters a mini 
of water. Indeed, so great w 
the anemometer held in the c 
and sboweiL that where hot fire, 
over these fire-places should be ei 
some incombustible material, in order t 
by the heat. 

In order to render the testi more reliable, a wooden box or flue 
was built around the fresh-air inlet regislec, to collect the air and 
conduct it outwards and upwards so that the thermometer placed in 
the current would be proti'eted from radiation from the fire-place and 
other external sources. The air thug collected entered the room, of 
course, in a stronger carrent than it would otherwise have done. 

By the combustion of 3 kilograms of wood enough heat was 
saved to raise the temperature of 9,671 kilograms of air 1° Centi- 
grade (supposing the air at 0°, 20°, 40°, fiO°, 100°, weighed respec- 
tively 1.3, 1.2, 1.1, 1, and 0.9 kilograms per cnbic meter). This is 
equivalent to 2,321 units. The wood used in the experiment con- 
tained 9 per cent, by weight, of water. Allowing for perfectly dry 
wooil 4,000 units, our wood would yield .91 X 4,000 = 3,840 units 
per kilogram, and for 3 kilograms 10,920 units. But to evaporate the 
.09 of water contained in the wood would render latent (531 4- 75) X 
3 X ■')9=^ "■4 units of the heat generated. This should therefore 
l>e deducted from the 10,920 units, giving an available power of 
10,756. In the above equntion 531 represents, according to DuspretE, 
the number of units rendered latent in transrorming 1 kilog. of water 
at 100° Centigrade to vapor under ordinary atmospheric pressure, 
and 75 represents the number of units required to raise to the boil- 
ing point the temperature of 1 kilogram of water from 25° Centi- 
grade, which was the temperature of the outer air and of our fuel at 
the beginning of the experiment. The amount saved, 2,321 units, 
was therefore ^M^ ^= 21 per cent of the total available heat 
generated. Add ti per cent for that obtained for direct railiatior 
and we have 27 per cent utilized. Adding, as befori 
where the upright iron Sue is ailded, and we have a grand to'tal of 32 
per cent obtained by the Jackson Fire-Pla 
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TABLE VII. 
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Few peruoua realise Clie extent to which kiln-dried wood reabsorbs 
tlie moisture expelled by the drying. The wood used in the experi- 
ment bad been ktln-dried, bat had again absorbed from the atmos- 
phere 9 per cent of irater. A portion of tbaC used was cut up into 
small pieces and weighed. It was then redried and weighed again. 
The drying was eonilucted in an air bath maintained at a tempera- 
ture of 150° Centigrade. Before drying the sample weighed 3fl.t55 
gram?, and after drying only 33.169 grams, showing a loss of 2.936 
grams, or nearly nine per cent of the whole ; or, in other words, 
that the kiln-dried wood used in our experiment had reabsorbed 9 
per cent of water from the atmosphere. 

In testing the wood used in the experiments on the Dimmick and 
Fire-Place Heaters, the sample, weighing 22.683 grams, lost, after 
drying for twenty minutes in air heated to 150°, 3.097 grams, or thir- 
teen per centof its weight. A furtlier exposure for three hours to 
the dr}'ing heat reducea its weight only twenty-two ten thoasandths 
of a gram, bo that the wood might then he considered as practically 
dry. The sample was then exposed for a week to the air of the 
house, and again weighed. It was found to have regained the greater 
purt of the water expelled by the drying. It weighed 21.33 -[- grams, 
showing a gain of 1.774 -|- grams, or seven per cent of its weight. 
The rapidity with which kiln-dried wood, when fresh from the kiln 
and very dry, absorbs moisture From the air was shown in the process 
of weighing our samples. When placed on the scales Immediately 
after drying it was found to gain two or three ten thousandths of a 
gram per minute. These experiments on the dryness of wood show 
how much the caloriliu power of the material is affected, not only by 
the inethofl of preparing it, but also by the time it has stood exposed 
to the air after drying, and even with the condition of the atmosphere 
at the time of its use. The kilo-dried wood tested showed a variation 
of 9 per cent in the amount of moisture it contained after drying. In 
other words, its available calorilie power varied between 4,000 and 
about 3.600. Hence the importance of knowing the hygrometric 
condition of our wood before making our experiments. Hence, also, 
the economy of seeing that the wood we buy tor fuel is perfectly dry. 

These experimeots were made in the laborutory of Mr. W. E. C. 
Eustis, whose liberality in offering me the free use of a set of scales 
of unusual delicacy, and other apparatus needed, I take this occasion 
gratefully to acknowledge. 

In another experiment made on the Jackson Fire-Place quite a 
strong breeze was blowing into the fresh-air duct from the outside, 
so that the anemometer recorded an entering current of TO meters per 
minute before the fire was lighted. This outside pressure of course 
Increased the efiectiveness of the heater, and the saving amounted 
to aboQt four per cent more than when the air outside was still. 
This test was made on the very warm evening of June 25, from nine 
to twelve o'clock, the thermometer outside standing at 25° C. (77° 
F.). In winter, when the difference between the outer air and thai 
of the Bue is lower, a greater saving of heat is realized fco«> wi,'] '^ 



I 
I 



theaa lieaters. Viut the experiments lose in accuracy, partly on ac- 
count of the difTiuulty of meaBiiring the temperature of llie iaflowmg 
fresh-air current at tlie becinning ond end of the ezperimeot. The 
theruioiueter ie influenced by radiation from the surrounding object* 
in the room, from which it is, of course, iniposflible to protect it ab- 
Kolutely- If it were possible it would Indicate a temperature of over 
a hundred degrees below the freezing point of water, the temperature 
of celestial space being, according to Pouilicti as low as— 150° C. 
Only an approximate degree of accuracy can, therefore, be expecteil, 
and it is greatest when the temperature of the room is nearest tb«t 
of the inflowing air currents, as is the case in Bummer. 

TheJacknon Fire-Plaee is at present uiaaufaetured in two sizes 
ooly. The price tiow 
(1880) of the smaller size. 
30 in. wide and 32 in. 
high, requiring a firu-pW 
opening in bric-kworV S» 
in. wide, 32 in. high, and 
15 in. deep, ' 
brass ; S65 all nickel- 
plated or bronzed; or $56 
black, with nickeled bas- 
ket Another size, made 
for very large rooms, 
39 in wide, 36 in. higl 
(outside of framej, and 
icquireb a ftre-place Sf ' 
wi Ie -iSi in high, am 
II I Lp They are ii 
I tuned of fedwin 
U Ivii ^nd Brother, No. 
1 J I 2!>th Street, New 

With any of the 
I IrtLLi nienlioned herein 
1 flue for dioposing of the 
ashes may be constructed 
below the grate, as shown 
in Fig. 123. The flos 
forma an ash-pit, Imd 
which the ashea fall fnjia 
the grate when shaken or 
dumped. The ashes «.- 
then removed throagh &t 
door B, in the basement H 
the bottom of the flue. 
" Bonfflet" ■ ~ " 

Fig. 123. 

which air nay be taken frQm below to i 
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deelred, after the principle of the Winter Fire- Place; but the soufflet, 
in a well-coDstructed fire-place, ia unnecesetuy, and its use is only to 
be recommended, nhen bettor construction is impracticable. 

Id the fire-place repreeented in the accompanying cut, Fig. 124, 
called the ''Franklin Reflector," the smoke circulatei behind and 
below the fire, as indicated bj the arrows, in order to increase the 
radiating surface of the heater. But no fresh air is brought in contact 
with these surfaces, and they are not arranged in the manner beat 




calculated to give out their heat. The reflecting surface o,... . — 
fnel is intended to perform the double office of reflecting the rays of 
heat from the fire into the room, and of turning the currents of air 
from the room upon the fire, thus securing the greatest amount of 
radiation, and producing a more complete combustion of the fuel, 
while it also diminishes the amount of cool air entering the chimney 
fluo. The same objects were accomplislied by the fire-place of M. 
Touet Chamber, already described in Figs. 42 and 43, where the 
precaution was taken to provide openings above the reflector, tor thft ^ 




Open J 




125, as the best in principle, and 
in form, is ^et most likely tc 
The priDciple of this uevi 
surface above the fire-place 
chimney-breast, rather than 



which, though crude and defecths J 
lead to important results. ■ 

:e is the formation of the chief heating 
and in the waste apace behind the 
in the immediate neighborhood of the 

The ^eat advantages of the arrangement are (1), tlje acquirement 
of ample room in the vraste space of Uie chimney- breast for tbe 
proper development of the beating sur&ce; (2), (lie removal of tfail 
surface from immediate contact with the fire, by which it mK bt 
orerheated to the injury of the fresh air, and finally destroyed; (SU 
the detachment of the air-heating surfaces from the (ire-place propn^ 
which may, therefore, be made ot Mi's to^m ot material desired, IE. 
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the fire-place already exist it may be left untouched, except above, 
where it hai to be connecteil with the air-lieater; (4), the facility 
with which the heating surface may be reached for cleaning, repair, 
or renewal without disturbing fire place or mantel' and finally (5) 
the gioplicity and cheapness of a const u oo Notw hstand ng 
its evident advantages the pnn pie was lef unde loped and as 
the apparatus descried by P It was d f t e t w abandoned 
It was seun that the b n I n h ke H and h e d con se 




of tlie innoke were liable to injure the draught and corrode tlie pipe. 
These difiiuulties were easiest removed by simply pulling the pipe 
out straight agiun, which was accordingly done at once, and all that 
remained was the original Galton flue. Thus the problem was solved 
somewhat after the manner of the Gordian knot, and the device was 
summarily consigned to oblivion. Thus it is that the fire-place of 
to-day stands in practice nearly as it did at the time of Ganger. 

The English, whose national fondness for the old open fire-ph 
ought to have led them to study its utmost development, seem, n 
their characteristic slowness to adopt new and foreign methods, 
have stubbornly refused to fallow any other course than tAis.V^ 
for them by Uumford. 




The Germans are Batiefied with their porcelain Btove. 

The Frenelj have been so husy working up llie Gnuger fire-pL 
that ihej have not yet thought of looking behind the chimney-bre: 
lo reflect upon the waste of useful space; and the Americana han^ 
been too huay with everythiug elee to give the subject any thougbj 

The fire-place {[iven in Figs. 126 and 127, for instance, jus 
out in Englnnd with ^clat, indicates tlie tendency in tjiat connuVJI 
A correspondent of the London Times of January SO, 1877, writes^ 
this form of fire-place; it "has excited much attention, for I hari 
received in two days more than two hundred letters on the Bubiee 




ill be sent in a few days. Many of these 
public schotils, military iind other public 



I mollification 



Yet (bey are nothi:ij_ 
of the Eumford grate, and yield, at Ihe utmost, but froi 
cent of tlie heat generated by the fuel, while they retain all the radi- 
cal defects of the ordinary fire-place. 

Constructed upon a principle quite the re 
Franklin Reflector, they are set high, and are : 
and shallow, instead of low, broad, and deep, 
vantage of heating the floor better for being b 
less dangerous draughts around the feet. Thi 
for Ihe slow combustion of coal, and for radial 



irse of that of tln_ 
form high, narro 
They have the ■ 
high, and oocutu 
shape is faTorabj 
n ; but they a 



from back to front at the base, and S4 in 



the level of tho top 



bar. The floor of the fire troogli ia oi fire-brick, and not of grati 
30 that air passes into the fire tlirough the front of the grate, and not 
noder it. This causes the coal to burn elowly, and each coal glows 
on the side toward the room. Coke, with a small admixture of coal, 
may be horned ia them, iastead of cos,l alone. 

The Englishman, proud as he is of bis careful arrangemeots for 
domestic comfort and luxury, ia ontdone in thia moat important par* 
ticular even by the inhabitants of distant Asia. The Persian enjoys 
his pipe before an open fire-place as much mure rational in construc- 
tion as U is more pleasinc; in appearance than the comparatively 
miserable object now receiving the commendation of the civilized 
Briton. The picture at the end of this chapter shows us a cheerful 
fire sparkling; like a gem in a caaket so high and ample that its radi- 
ating power is utilized to the best advantage, while the hood and 
sides aerve the purpose of a atove in heating the surrounding air and 
objects by convection and radiation. 

The direct rays of the aun are necessary to the complete develop- 
ment of animal life, and the great difference in (he amount of radia- 
tion of solar light and heat in the various parts of the globe causes a 
marked difference in national character. Where (he sun cannot be 
enjoyed, or where its rays are feeble and insufiicient, the open fire- 
place becomes its natural substitute, and so lon^ aa our physical na- 
turea remain the same, so long will tlie open fire be cherished as a 
priceless boon and companion. 

It is a provision of nature tliBt there shall be a wide difference be- 
tween the temperature of our bodies and that of the air about us ; 
and we find that the greater that difference, within certain reason- 
able limits, the more energetic and vigorous ia the action of all o 



IV temperature 
o as much work in pnrity- 
ntering at the temperature 
n rays of the sun striking 
immer, when the air is hot 



nimat funetioDS. 
freezing point, does, as we have said, t 
ing the blood as the same amount of ai 
of our hodiea, and in winter with the » 
ua we feel twice aa vigoroua as we do ii 
and suffocating. 

When a room is warmed by an open fire the walls are warmer 
ihan the air, because radiant heat has the remarkable property of 
pasaing through air witliout raising ita temperature. Thus the oc- 
cupant breathes air refreshingly cool, while the walls, beiog compar- 
atively highly heated, do not abaorb hia animal heat with inconveni- 
ent rnpidity. Nevertheless the outside air must be tempered lo a 
certain extent before entering the room to avoid the danger caused 
by cold currents striking our bodies, and it is the object of the vent- 
ilating fire-place to temper this incoming air to the proper degree, 
without waste of fuel or labor. 

We have reviewed the progressive steps already made in thia di- 
rection up to the preaent time, and we find the utmost ibat has been 
accomplished, to our knowledge, by any form of fire-place, in 
way of utilizing to good advantage the heat fpnwWKi'vi'-j 'Oaa 
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has been a saving of from 30 to iO per cent, applied rarely to the 
best advantage in preparing and dtatributiDg the fresh air for our 
use. At its best, it is looked upon as a luxary too expenaivs for the 
poor man to enjoy. Under the aisumption that the element of waste- 
fulness in a necessary condition of its being, he turns, as his only re- 
sort, to the closed stove. The efforts of the inventor are therefore 
directed to increasing the economy of the heater which is used where 
the value of economy is beat appreciated, to the neglect of the open 
fire-place which he has been accustomed to look upon as incurable- 
It is the duty of those who entertain a contrary opinion, and who 
have the facilities for nutting Iheir views in a practical form, to con- 
tribute the results of their investigations to the general fund. Small 
as may be the value of individual resnlts in themselves, they may 
yet serve as suggestions from nhich, in other hands, valuable fruit 
may spring; and little as we may expect to receive from any single 
contributor, yet the labor of many working together, in the light of 
past exrierience and willi the aid of the advanced scientific and me- 
chanical knowledge of the day, may, before long, be aufficient to con- 
vert the open lire-place from an expensive, troublesome, and even 
dangerous luxury enjoyed only by the few, into a source ot health, 
comfort, and economy for ali. 
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PLATE XXL 

Dining-room firt'-place in modern Englis]) Gothic style. Ik* 

h. L. Talbert. 
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PLATE XXII. 

Fire-place in the Hotel de Vogud, at Dijon. Fire-place built in 
the beginning of the eighteenth century. From Sauvageot " Palais, 
Chateaux, etc., de France." 




PLATE XXU. 



PLATE XXIII. 

Fire-place in the smoking-room of the house of M. Le Comte 
Branicki, Paris. From the " Encyclopedie d* Architecture." 
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PLATE X:(IU. ^^H 



PLATE XXIV. 

Fire-place in the "Salon des M^dailles," in the Palace of Ver- 
sailles : ao;e of Louis XV. From E. Rouyer, " L'Art Architectural 
en France/' 



PLATE XXV. 

Renaissance fire-place. Exhibited at the Paris Exhibition of 1878 



PLATE XXVI. 

Fire-placu in a liouse in the Rue de Berlin, Paris : L. Dopre, 
architect; A. jNIill^t, sculptor. The fire-place is built of atone with 
facings of red marble. The sculpture on the frieze is in bas-relieft 
in white marble, and represents Winter. The total width is l". 90, 
and the height to the top of the pediment is 2*". 40*. Its cost was 
6,000 francs, made at Paris. From the ** Revue G^n^rale de 1' Ar- 
chitecture et dt's Travaux Publics.'* Cesar Daly. 1872. Vol. zzix. 
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PLATE XXVII. 

Fire-place in the Errand drawing-room of the Bishop's palace at 
Beauvais, France. By Mr. E. Vaudremer, diocesan architect of the 
city of Paris. From the " Revue Generale de P Architecture et de» 
Travaux Publics." 
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The Open Fire-Plaoe. 



CHAPTER III. 



Ifk 



* tribe of savagea sitting astride of locomotiva 

1 thuir ignorance of the application of steam, 

e do ordinnry carriages dragged about hy lioraes, we 



ateam engines, i 
using them a: 

should be ini^liaed. Co turn up our civilized nosea and smile ai 
hibitiou of simplicity. But if when these savages learned hotr a 
single engine, with its strength properlj' applieil, was capable of 
doing the work of the entire tribe, they abould, instead of applying 
steam to the engines already built, continue to use them only as car- 
riages, and build others to act as motors, we would have before us 
an example of extravagance and folly only equalled by our own in 
our method of heating. 

We (ill our houses with open fires and use them only as rndiatore, 
although we know that the heat oF a single one properly applied 
would be capable of doing the work of the entire bouse. Instead of 
applying furnace pipes to one of the fire-places already built, we con- 
tinue to use them only as radiators, and build others down cellar to 
act only as air-lieaters. 

If the savage condescended to criticiau he would have the right to 
say, " With al! your boasted civilization you are even more bai'baroua 
than we, because, while it is true that we lose the motive power of 
our carriages, we are still able to use the carrying power of our mo- 
tors. You, however, lose both the emoke heat of you 
naces and the radiant heat of your lower ones." 

We have shown that open fires as they are now used ar 
without external aid, of properly heating our buildings 
supplying the draught must, by some means, be moderately warmed 
before it enters. It should not be as warm as the walls of the room, 
nor cold enough to occasion discomfort to the occupants. This prep- 
aration of the air is usually effected by a furnace in the cellar, and 
the result of the combination of furnace and fire-place is, under 

f 'roper coniiilions, and with all precautions talcen against gas,i satis- 
actory except from the one stand-point of economy. With it every 
desideratum given in our description, at the beginning of these articles, 
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of ideal perfection ma,y with care be obtained, excepting the firit and 
all important eonaiiicration, " tlmt all the lieut ^nei-aCed bythecom- 
buBtion oE the fuel be utilized in heating and ventilatino; the house, 
and that the coiubuEtion of the fuel be complete." To satisfy this 
condition it is evident that tlie furnace and fire-place must bo com- 
bined in one apparatua, for it is oulv in (hia way thai a single fire can 
do the nork of both. 

How this combination can best be clfectcid, and what sanitary and 
pecuuiary advantages may result therefrom, it is the object of this 
chapter to inquire- 
In our historical sketch we have shown to what extent and by 
what steps Che work has been advanced up to the present time. It 
reaches its fullest development in the fire-place described by Peclet, 
Fig. 125, but excepting in this we find ao evidence of an attempt to 
)^ve the air-heating surfaces an extension in the slightest decree pro- 
portionate to the size of the grate or to the amount of fuel consumed, 
or to adapt the improved meiioda and forme of the hot-air f urnacti to 
the new conditions imposed. The air-heating surfaces are small and 
insignificant compared witb the size of the grate, and are confined in 
most cases to a very small area in tlie Immediate neighborhood of the 
fire. In the Dimmiek Heater, with a grate surface of about a, tenth 
of a square meter, we have a radiating surface of scarcely a square 
meter, or about tan times the grate area. In the Fire-PIace Heater,' 
the Jackson, Joly, Pondet, Cordier, and other similar heaters the 
proportiun is the iiuine, or but little greater. Yet in our beat moderu 
furnaces it mounts to from thirty to two hundred times the grate 

The Sanford'fl Challenge Furoaee, No. 40, for instaace, to take 
an American example, has a heating surface of seventy times the 

f'ate surface. According to Bosc, the proportion should be one 
undred and sixty or one hundred and eighty to one, and accord- 
ing to Morin, from one hundred and eight to two hundred to one, 
though in American practice it is seldom over fifty to one, nith a 
healing efficiency of perhaps sixty or seventy per cent of the tola! 
heat produced by the fuel. The Peerless Furnace (No. IGJ, with 
a grate area of 0.13 square meter, has an air-healing surfaue of 6.7 
square meters, or fifty-one times its grate surface. The Chilaon (No. 
8), the Golden Eagle (No. 8), the McGremir (No. 4), and the Soap- 
stone Furnace (No. 18J, have respectively, according to measure- 
ments made by the writer, heating surfaces of forty, fifty-sLx, tliirty- 
one, and seventy-four times their grale surfaces. 

Our ventilating fire-places, then, should have a much gi-eater aii^ 
heating surface than has heretofore been given them, if we would 
obtain from the fuel the greatest amount of heat possible. 

In a furnace all the air which enters the fire-pot is brouirht into 
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close contact with the fuel by the position of its entrance below the 
grate. The amount of air entering the smoke-llue is, therefore, but 
slightly in exccBs of what is octuiilTy required to support combustion, 
and its temperature is correspondingly higli. But with an open fire 
a greater amount of cold nir enters the flue, and its temperature is 
lowered in proportion. It may, therefore, reaaonably he ashed if 
this cool .lir from the room would not ao much diminish the heating 
power of the flue as to render its development into a complete furnacse 
useless. 

This first and most important consideration should be carefully 
looked iata before we proceed further, and any conclusions reached 
by reasoning should be tested hy actual experiment. 

Theoretically. Wood perfectly dry requires for ench kilogram 
burned, say, ten cubic meters of air, developing, say, 4,000 units of 
beat. The temperature of this air as it leaves the fire would therefore 
theoretically he jj^fj^^j^^ 1,282° C, which is about the melting point 
of steel. So that a certain quaotity of air beyond what is absolutely 
demanded by combustion is necessary to prevent the destruction of 
the furnace. Were twenty cubic meters of air instead of ten used, 
the teinnerature of the air would be 641° C, or sufficient to raise iroa 
to a dull red heat. In an open fire-place with a contracted chimuey- 
throat tested by the writer, a little over thirty-five cubic metei'S of air 
per kilogram of wood passed up the flue, and its temperature, as tested 
by a chemist's thermometer placed in a hole perforated in the flue for 
the purpoHe,rose somewhat above 300° C. In another fire-plaoe hav- 
ing a larger throat, much more air entered, and the temperature of 
the smoke in the flue could not he raised above 200° C. with the same 
quantity oC wood burned one kilogram at a time, But with a throat 
contracted still more than in the nrst fire-place, a still higher temper- 
ature of the smoke was obtainable, Ehowing that by regulating the 
size of the chimney- throat, any temperature of the smoke may be 
easily obtained up lo four or five hundred degrees. When hard coal 
is used for fuel a good draught is necessary in order to produce a 
L-ombustion of the requisite rapidity to heat the house. When the 
feed-door of a furnace is left open, tJiia draught may ho insufficient 
where hard coat is used. But where soft coal or wood is used, aa is 
generally the case with open fires, no liifHuulty is found iu obtaining 
aniple beat with the feed-door standing open. 

In an open fire-place the chimney-throat corresponds with the feud- 
door of a furnace, and it is this which rogulalea the amount of cool 
air entering the chimney, and not the size of the lire-place itself. 
When this throat is small, the hot products of combustion will fill it 
to the exclusion of the cold air from the room, and the temperature 
of the smoke in the flue will be high independently of the actual size 
of the fire-place. 

It must be borne in mind that the flues of a furnace clo not heat 
the fresh air by radiation, but by convection or contact of air. 
With radiation the higher the tempcratuift of the beating surface the 
greater tlie jiroportion of heat given out for each degree's difext'.v't.fe 
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butwccn tlie heated body and the surroundiilg air. But with convec- 
tion, according to the researches of Dulong, the yield per degree's 
difference ia, for nil practit-al purposea, irreapeclive of the abaolute 
temperature of tJte Iieated body, or of tlie ilifierence of temperature 
between the heated body and the air iu contact with it. With a 
radiant hod/ at a clear red heat of 1,01S° C, the amount of heat 
tranfimitted per meter per hour for each degree's differetnie is about 
300 times that transmitted at 100° C., and at a bright white heat of 
1,415° C., it rises to 4,604 times that amount! The eatreme rapid- 
ily with whioh a body at white heat cools down lo orange and cherry 
reii, etc., indicates that at high temperature the loss of heat is ex- 



Witli convection, however, the differenoe in the losa of heat per 
degree is comparatively slight. Supposing that with the heated body 
at 0° C. and the air at 1S° C, the loss by contact or by radiation were 
1, at 260° C. it would be by contact only 1.9, while by radiation it 
would be aa hi^h as 3; at 310°, 510°, 1,016°, and 1,415", the loss by 
contact would be 2, 2.3, 2.7, aud S.9 respectively, while by radiation 
it would he 4, 13, 300, and 4,604 times greater respectively than at 
0°. 

There is, therefore, with furnaces no corresponding gain of heat 
in quantity to comjiensale for the loss in quality by having tbe heat- 
ing surfaces raised to a high teui[ierature. 

For a given amount of fuel the same number of units of heat will 
be generated by combuBtion, wliether the combustion be slow or rapid. 
But where it is rapid the products are carried nway more rapidly, and 
the loss of heat at the top of the chimney is greater. 

Beroau, treating of furnaces, says : "When only a small (Quantity 
of air passes through the stove, the cockle is in danger of being over- 
heated. Mr. Sylvester says, ' The cockle surface should not rise above 
2S0° (F.). Beyond this it lias a tendency to Injure the materials of 
whieh the flues are formud. It is also heated with less economy, since, 
as has been observed, the smoke will pass away at a higher temperoi- 
ture.' The temperature of the surfaces he recommends is, however, 
agreat deal too nigh; and much of the prejudice against stoves has 
arisen from this circumstance. Were the surface never to exceed 
130° (F.), although the size of the stove would be increased, the 
salubrity of the air aa well as the economy of the fuel would be in- 
creased also." 

Theoretically, therefore, the temperature of the smoke in the flue 
of an ordinarv fire-place, with its throat properly contracted, is suffi- 
ciently high for our purposes, and may be regulated at pleasure. 

To put the matter to practical test, the writer has made numerous 
experiments, with the following results: — 

A. furnace of wruught-iron was constructed for the purpose, having 
a radiating surface above tlie fire-box of 7.5 square meters, or equal 
to Unit of a Magee furnace, No. 24. This was attached to the top 
of an open fire-place (the Fire-Plaoe Heater), which served as the 
" e-pot, grate, and ash-pit. TLe apparatus was tested alternately 
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with the feed-door (sliding blowers) open and phut. J]i eaoh c 
three kilograms ot wood, conlaining ten per nent of water, n 
buroed, and it was found that nearly the same amount of lieat waB I 
obtained from the flues, whether the blower was open or shut, the 1 
throat being small and the lire brisk. Sufficient air entered to keep I 
the pipes from becoming red-bot, but not enough to reduce the tem- 
perature to too tow a point. Therefore while a!i danger of burning I 
or injuring the air was avoided, the beat was utilized to the best aa- | 
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In llie first of (lie two experiments hero recorded, Tabic VIII., the 
doors of tlie lire-place nere tightly closed and strips of paper glued 
over the crnuka and joints of the doors to muke tliem air-ti^t, the 
base draught damper under the grate beingalone left open. The ap- 
paratus tlien formed an ordinary furnace. The air-box was smaU, 
and the regititer throwing the heated air into the room measured but 
15X83 oentimeters, or 0.05 squnre mote r, so that the heating sur- 
faces were only partially cooled or utilized. Nevertheless, column 7 
shows that enough beat was abstracteit by what air was allowed to 
strike the flues to raise the temperature of G,41S kilograms of air 1° C. 
This if oquivalent to 1,540 units of heat. A thermomeLer placed one 
meter from the flrc-place rose (column 0) 59 degrees, showing that a 
large portion of the radiant heat of the fire paseed through the iron 
doors. The heal saved by contact of air amounted to j^Hit = •* 

Ser cent of the whole. Adding 3 per cent for that obtained by r»- 
iatlon, we have a total saving of 1 7 per cent. The temperature of 
the room (column 8) was raised 4 degrees. 

Tn the second experiment. Table IX., the doors were left open, and 
the apparatus formed an ordinary open fire-piace, with afurnace at- 
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tached to its emoke-flue above. Column 7 sliowa that 6,120 kilo- J 
grams of air could have been raUail 1° C, which is equivalent to f 
l,4(i9 unite of heat, or 13 per cent of the whole. A thermometer J 
placed 1 meter from the fire-place rose (column 9) 80 dej^eea. Add-J 
ing 6 per cent, for direct radiation, we have a total saviog of 19 p 

The temperature of the room (column 8) waa raised 6 
All the conditions were &a nearly aa jiossible the same in botb e 
perinients. The supply of fresh air brought to bear on the pipei 
was limited, but the same in both cases. In other experiments made ■ 
to teat the heating power of the apparatus, where double or triple i 
the supply of air was brought in contact with the heating surfaces, 
and where a pniper arrangement of the fresh-air box and register* 
was provided, the amount of heat saved was two or tliree timei 
greater than that here effected. 

Having found that there is neither theoretical nor practical diffi- . 
culty on the score of the entrance of cool air through the chimney- 
throat in the way of our combination, it remains to see what kind of 
furnace is best adapted for our peculiar purposes. 

According to Bernan, the way in which lai^ buildings or rooma 1 
were formerly heated, particularly for inanufacturing purpose^ 
where open fires were inaiimissible, was by a sort of Dutch storajj 
formed of a large cast or wrought iron vessel, generally square, aadj 
set upon a foundation of brickworic, enclosing the fire, and this ap- 
paratns waa placed in the room to be heated. But it was found to 
he dangerous, and a large proportion of the accidental firea which 
in former times destroyed many factories originated with ill-con- 
structed stoves. The airof the room did not moVe by the heated sur- 
face rapidly enough to carry oS the heat as fast as it was produced, 
and the stove was conaeqneutly frequently red-hot. This great beat 
rendered all the adjatrent wooil-work very combustible, and when the 
«tove cracked, or a joint opened, or any inflammable suhstanue came 
in contact with it, a conflagration waa inevitable. Moreover, close 
stoves do not assist essentially in promoting ventilation, for the 
quantity of air withdrawn from the room is only what is needed to 
support combustion. Morin estimates the ventilation from these to 
be less than seven cubic meters of air for every kilogram of coal 
consumed. Indeed, the circulation of air they produce in a room is lo 1 
sluggieh that the temperature of the room varies greatly at different | 
heights. "Riittan, whose observations were made in Canada, states 
that in a stove-heateil basement room, over a cold cellar, he has 
frequently seen water freese on the floor when the temperature of 
the air at the ceiling was 100°, and baa often oliserved a difference 
of 4J° (F.) in the temperature of the air for every foot of height in 
e-heated school-room, sixteen feet high, which w ' ' ' 




aboTQ, the colamn of nir within the teasing will be doably heat«d by 
eootact on onu side with the Btove and on tJie other with tlie casing. 
Being protected from the cooling influence of the surrounding air it 
will rise rapidly and produce a circulation in the room which will 
equalize its temperature. 

The next step was to put the atove in a chamber by itaelt, ad- 
joining or below the room to be heated. The external nir was ad- 
mitted into thin chamber, waruieJ, and conducted by flues Hbout the 
building, and the whole formed a hot-air furnace. A large amount 
of fresh air is brought by the casing in contact with the heating 
Burfocea, and it strikes them forcibly on account of the strong cur- 
rent produced by the hot-air flues. The fresh air is generally taken 
from the outside, and it is in this respect, as well as in the principle 
of the circulation produced by the casing, that the furnace is supe- 
rior to the close stove, wliile in the loss of the advantage of direct 
radiation from the sides of the heater it stands inferior to it. 

The most important point to be considered in the construction of 
all basement furnaces alike is the acquisition of a goml cliimney 
draught, because of whatever material or in whatever manner 
they may be made, they cannot be rendered absolutely gas-tight. 
Even though the materials be non-porous and the joints he tight, 
the very openings required to admit fuel to the fire or air to the 
fuel may, under a back pressure, also emit gas. Where these 
openings are out of sight and immediate control of the occupants, 
the nuxiouH gases, often imperceptible to tlie senses, may en- 
ter the house without their knowledge; and this is the most preva- 
lent cause of trouble with the hot-air furnace as it is now con- 
structed. It is, therefore, of the first importance with these that the 
draught of the smoke-flne should exceed in strength that of the hot- 
air circulation pipes, whose powerful action is ^own by the force 
with which the warm air issues from the registers. Tiio hot-air 
ilues in a basement furnace beill^ frequently nearly as long as the 
smoke-flue, and the maximum utilization of the heat of the fuel, or 
of its smoke, being considered the grand desideratum, these hot-air 
flues become hotter than the smoke-flue. The column of air in the 
former being, therefore, tighter than that in the latter, the smoke or 
gases will rush into the fresh-air flues through any crack or joint 
connecting the two columns together, or they will enter the house 
through the feed and draught doors. 

The above difficulties might, however, be obviated, and absolute 
safety against the escape of gas be obtained, together with a com- 
plete utilization of the heat of the smoke, by bringing distinct ci 
rents of fresh air simultaneously against the beating surfaces of the 
furnace at various points of these surfaces, properly Io<^ted with 
reference to each other and entirely separated from each other. By 
this means a good draught might be obtained at all times, and yet 
the temperature of the smoke-flue be reduced to very nearly that of 
the outsule air. 

Let Fig. 129 represent a, furnace (devised by the writer) con- 



slruuted after this principle. Tlio fresh air enters the furnace a 
A, B, and C, simultaneously, hut into heating chambers enlirel}' si , 
arated from each other, say at points corresponding with each floor 
of the house. The hotair flues start at A', B', and C. The outer 
air entering the first chamher might lower the smoke, day, from 300° 
to 150°, and he itself raised from 0° to 50°. A second current of 
fresh air at B, entering the second chamber or division of the fur- 
nace, might further cool the smoke to 75°, and be itself raised from 
0° to 40°; and, finally, a third supply at C, entering the third cham- 
ber, mi^ht, by taking a direction the reverse to that of the smoke, re- 
duce the latter to or very near to 0°, and itself be raised to 40°. 
The average temperature of the smoke in the ohimney would, thongfa . 
entirely coaled at the top, be I 
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This would be much higher anil the velocity correspondingly greater 
than that in any fresh-air flue, so that the chimney draught would be 
' if the fresh-air flues were ni^ntained at 40° ' '"" 
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throughout their entire length, 
the suioke-flue. In a furnace 
structed in the manner described, 
however, each compartment of the 
furnace would have only its own 
floor to warm, and the air flues 
would have little or no perpendicu- 
lar exlcnsion beyond what would 
bo required to create in them the 
necessary draught. The tempera- 
ture, therefore, of the fresh-air col- 
umn would practically be that of 
the house, say 20°, and its length 
onlv the distance from its com- 
mencement at A', B', and C, to 
the ventilator D, on the roof, and 
conscijuently always less than that 
of the smoke-flue. 

Inasmuch as the diffusion of gases 
will take place even In opposition 
to a considerable cnrrent o( air, no 
porous material is suitable, under 
any circumstances, for the construc- 
tion of a furnace, since the porosity 
not only permits an escape of gas 
at all times, but also serves as a 
connection between the hot-air and 
smoke columns in cases of back 
draught. The joints shoulil be made 
' such a manner that the con- 



id this length were equal to tliat of 
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The Open Fire-Flaoe. 

Where metal is used, its kind or tliickness haa but little effect, 
witfaia ordinary llmitK, upon its heating power; for thti quantity of 
heat whieb can be couduuted through the thickness of luetiil usually 
employed is much greater than can be c&rried away by contact of 
air. But for greater thicknesses the amount transmitted by small 
pipei increases with the thi<;kneaB. A oast-iron pipe one decimeter 
in internal diameter, heated on the inside lo 100° and expoaed to the 
air at 16°, with different thicknesses of metal, would lose heat per 
meter and per hour as follows : The thickness being nothing, or ia- 
finitely small, the loss would be 254 units; for thickness of 2.5, 5, 
10, and 15 centimeters the loss would be, rospeu lively, 363, 472, G7e, 
and MS units, or in the ratios of 1.4, 1.8, 2.6, and 3.3 to 1 respect- 
ively. Where stone, brick, or terra-cotta pipes are used, whose con- 
ductibilitles are much smaller than that of iron, sav aa 15 and 4 to 
250, the variation for great thicknesses is much smaller. The reason 
of this is tliat the increase of thickness increases the radiating suiv ■ 
face of the exterior, so that while each square meter of such surface 
gives out less heat than a square meter of the surface of the thin pipe, 
in the proportion of 0.95, 0.92, 0.89, and 0.85 to 1, for the cast-iroa 
pipe one decimeter in diameter, of the thicknesses mentioned above, 

¥'.t the surfaces are greater in the proportion of 1.5, 3, 3, and i to 1. 
hiis, thickeoing the heating or radiating flues of a furnace made of 
good heat-conducting materials increases their efiectivenessjust as do 
ribs or spikes coat upon the rudiuting surface, by increiLsing its su- 
perficial area. Indeed, unless the ribs are properly placed, a simple 
thickeoing of the pipe is aonietimes even more effective. Thus a. 
threaded pipe, 1 centimeter thick, 18 centimeters in diameter, and 
10 meters long, threading 0.5 centimeter deep, standing vertically, 
was tested by the writer, and found to yield lees heat than a smooth 
pipe 1 centimeter thick, and of the same diameter and height, al- 
though the actual radiating surface was twice as great on the 
threaded as on the smooth pipe. The threading being perpendicu- 
lar to the direction of the air current, it lost more than half of its 
effectiveness in beating the air by convection, owing to the fact that 
the ascending air current struck only the lower outside edge of each 
thread, while tlie loss by radiation remained the same, because, 
though the radiating surface was twice as large, yet half the rays 
fell upon the surfaces of the threads themselves, and were by them 
reabsorbed. 



MOIST CUH I 



It is 



a mistake to suppose that furnace heat is necessar'ti/ dry and 
unhealthy. Where the heating surface is raised to a high temper- 
ature, the vegetable and animal mattera which are always to be 
found, to a greatei' or less decree, floating in the air, and can easily- 
be seen under a ray of sunlight, coming in contact with an over-heat- 
ed surface are roasted or ourned, and emit an unpleasant odor. 
When these surfaces become red-hot they may decompose the air 
itself, forming, with the iron, acid gasea injurious to the health, or 
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gasea may pass through '1*^ furnace, as already atateil ; but si 
as depriving tliH air of its moisture is concerned, by which s 
rapid evapornt ion from the Ekio is induced, causing headache and 
unpleasant eenaatioos of the nose and throat, the same efiect is \ 
duced by ateam or hot-water pipes and by every other method 
heating, when the temperature of the outer air is warmed to the s; 
degree. Cold air, when expanded by heat, has a greater capacity 
for moiBtureinproportion to theexlentof the expansion. In the open 
fields this needed moisture is supplied by nature through the agency 
of rivera and lakes. In our houaes, where rivers and lakes do not 
form themselves naturally about our hot-air furnates (unlees the 
unskilful plumber has opened for them sources in the drain and -^ 
water fipes), iheir places should be supplied by art in the form of J 
evaporating-pauE, and the disagreeable sensations arising from dry- 
ness will quickly disappear. 

BPBCIAL FORMS OF CONBTRDCTION. 

It is clear thai for a given amount of fuel burned, any furnaoa ' 
may, by extending the heating sm-face, be made to yield the same 
amount of heat to the Crush air, but the heating aurfai'ei may be ill 
or well constructed with reference to favoring the draught, economy 
of space, tightness of joints, facility for cleaning, durability, and 
cheapness, and upon thia depeniU its value. The various kinds of 
hot-air furnaces now in nse are characterised by tho degree of e: 
cellence obtained in some one or other of the above desiderata, : 
one combining all the excellences, so that in searching for the form 1 
best adapted to our purpose many must be reviewed. In so doin^ f 
we find that they divide themselves into two general classea: first,! 
those in which the hot air ciix'ulates in fiuca, while the smoke fills I 




L 



the space sur 
takes place, i 
around them. 

The heating effect of tlm latter method la, for the same extent 



J 



upen J 

surface much grenter than tlixc of the former because when the 
smoke paBses Uiruui^h the flueH the beat radiated from the surface 
warms the inner walls of the surrouniing air-chamber, which in its 
turn gives up its heat to the freah air in contact with it llius both 
^.^ surfaces serve in heating the 

^^^""^ ^ air, and the furnace aota both 

bv radiation and by convec 
tion The effect produced va- 
nes but little with the extent 
of the chamber, because the 
im unt of lieaC which it re- 
(.Lives ih constant, and the 
Btnailler its surface tlie higher 
Its temperature By the former 
nietlicid all riyg of heat which 
k not strike the fresh air flues 
are lost. Figs. ISO and 131 
I epresent furnaces of this class. 
In Fig. 130 the smote flows 
honzoDtally across pcrpendiea- 
lar fresh-air tubes, and in Fig. 
131 the movement of the smoke 
IS perpendicular, and that of 
the fresh air ia horizontaL All 
the heat received by the ma- 
iioiirv of the furnace is lo*t, 
p g o aincL no fresh air is brought 

in contact with them to carry 
it off. Abaudouing, therefore, this class of furnace, we have only 
to consider those in which the smoke circulates inside of the flues, 
and the fi'esh air surrounds tliem. 

These, again, maybe claaeified into, first, those having simple 
drums, like the Mages Furnace (Fig. 132), and second, those hav- 
ing detached tubes, as in the Chilson (_Fig. 134). The former has 
the advantage of simplicity and the minimum of j<iinta for the escape 
of gas, and the latter of a ereater radiating surface. In an ordi- 
nary furnace the first conaideration is of the greatest importance, 
because a leakage of dangerous gases may take place without the 
knowledge of the occupants, in case of downward draughts. Where 
the furnace is used over an open fire-place leakage may at once be 
detected by the appearance of the fire, and cured ly simply open- 
noke-draught, so that this freedom from joints, al- 
it, is of !ess consequence than a 




ing the direct s 
though importac 
ing surface. 

The moven 
with the smoke 
in the si 



it of the fresh air may take place in the same direction 
1 an opposite direction. When the currents flow 
n the smoke will evidently cease to give up its 
heat when the two gaeee have the same temperature. But when the 
currents take place in opposite directions the temperature of the 
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smoke may be lowered to any extent, only limiteil by that of the oi 
side air. With a basement furnace < as onlioarily conatructed, the 
requlremeTitB of the <lnlU};ht are such as to reader total extraction of 
the h(!Bt from the Binoke undesirahle, but where the eoiiHtruution ia 
like that shown in Fig. 139, such a result would he an important de- 
sideratum. 

In (he Peerless Furnace (Fig, 133), we have an illustration of this 

sary, however, to have tlie 
G[noke descend in order to 
accomplish the work. The 
smoke may rise direct and 
the fresh-air current he re- 
versed. 

The Chilson Furnace 
(Fig. 134) is an example of 
direut smoke-draught. 

When the movement of 
the smoke or freeh air 'n 
upwards, if it be divided 
into eegiarate carrents, somi 
means should be adopted ti 
direct the flow equally inti 
each, as otherwise it would | 
follow by preference that 
which offered the least re- 
sistance, and when every- 
thing appears to be dis- 
posed iu a. manner perfect- 
ly symmetrical, the slight- 
est difference determines 
the movement in one direction or in another The cm rent will only , 
divide itself equally when the flues have, in the aggregate, a see— J 
tional area equal to that of the main pipe, and when the branch | 
flues are themselves equal in area to each other. When, however,, - 
the gas flows in a reversed or downward direction, the division will' I 
be uniform ia the Sues without the precaution of making their nggre- 1 
gate sectional area as small as that of the main pi[ie (Fig, 133). 

In the Chilson Furnace (Fig. 134) the means ailopted for equalis- 
ing the ascent of the smoke in the various upright flues is the taper- 
ing of these tlues as they ascend. Where they join the horiiontal 
ring above, their aggre^te sectional area is but little greater than 
that of the main flue. This method, however, has the disadvantage 
of presentinw & retreating surface to the ast-ending air current. A 
horizontal pipe presents but one side to ihe ascending tdr current, 
and therefore is less effective in heating it than a perpendicular pipe, 
which may be entirely sun'ounded by the air. The conical surfnues 
' "' e Chilson Furnace are open, in a certain dugr 




of the pipes of the Chilson Furnace are open 



) the i 






If the ( 



s inverteil the fresl 



igree, 
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■\\ gri^at^r ioKK uponrtheir sarfaces. But sucli 
u.a inversion would expose 
them to tlie danger of ulog- 
ging by soot. Moreover, 
the t».periiig of llie flues, 
whether upward or down- 
ward, dimiDisliea their act- 
ual superKcial area and con- 
sequeotly their heatin» 
power. Some other melliod 
should be adopted for reg- 
ulating the current, not open 
to these objections. The 
pipes should he so arranged 
that they may be easily 
cleaned, yet m formed that 
frequent cleaning irould be 
unneceasary. 

Finally, furnaces may be 
again subdivided into va- 
rious claBSes, aceordiag to 
the material of whieh they 
lire constructed. 



It is evident that a porous 
material is unsuitable for the 
eonstruution of furnaces, be- 
cause the noxious ganea gen- 
erated by the burning fuel, 
especially by anthracite coal, 
rjg. 134. pass through tbem under a 

back pressure, or even in eases of a sluggii^h draught. With an ordi- 
nary drum furnace like Che Magee or MacGreggor there is almost 
always an outward pressure from within at the top of the drum even 
when the draught is good. Under a given pressure the ainouDt of 
gas passed through a given material will be in direct pi-oportion to its 
porosity. Cast-iron is said to be permeable to certain gases at high 
temperatures and, according to L.^Cailletet,' to hydrogen gas even 
when cold. Whether the gases pass through the pores, or throngh 
invisible air-holes so minute that they may be claased as pores, is im- 
material so far as concei'ns the furnace maker. Ic is sufficient to know 
that microscopic air-holes are so liable to be present in the castings 
that the material has been condemned as unsafe and unsuitable for 
gas-holders, compresaed-air tubes, and all places where a gas pressure 
has to be resisted. 



irttoDgu dunbdmogeD werde." 
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In order to teat the degree of this permeability undefr Tarjiog prese- 
ires, the writar had east six cylindrical boies from some of the 
■ofter iron used by a foundrj'-man io making furnace and s 

[ioBB. 



The boxes, having the 
[ perfect in every particular. 

The toji or momh oE eauli piece 



shown 




flK- I3S, Fig. 136. 

receive the end of a piece of gas-pipe two meters long threaded to 
correspond, mailing with cement an air-tight joint. (Gas piping 
was formerly frequently made of caat-iron, but its permeability to gas 
under pressure was too great, and it was abandoned in favor of 
wrou^t-iroa.) Clean mercury was tlien poured into tlie gas-pipe 
and the pressure in atmospheres on the casting was known by the 
height of the mercury column (Fig. 136). It was found that under 



pressures varying from one to three atmospberes, the first three of the 
six castings tested allowed the inerfury to pass through the pores or 
air-hole« in minute jets, as shown in Fig. 136, projecting it, when the 
pressure was greatest, a, distaaee of more than a meter from the ves- 
sel. Yet the teeblust pressure was sufficient to cause it to escape from 
the largest openings. The other three castings resisted the test. A 
greater pressure than three atmoapherea could not be applied with 
the materials at command. The mercury became much dirtied, after 
the first three expuritnents, by impurities in the gas-pipe and castings, 
so that it is possible that the amalgam thereby formed filled the pores 
in the last three castings and itself prevented the passage of the pure 
mercury. 

This experiment was suggested by the experience of Professor 
Wolcott Gibbs of Harvard University, from whom 1 have the follow- 
ing : He was filling a cast-iron pot with mercury, and had poiu^d into 
it about fifty kilograms of the tnetal when it was observed suddenly 
to shoot out in fine streams in all directions through the pores of the 
vessel. Professor (jibbs described the iron which he used to be per- 
fect BO far as the eye could detect. The boxes in which mercury is 
put up for the market have to he made of wrought-iron. 

The six castings tested as above described were fifteen centimeters 
long each, and nearly two centimeters in diameter. The metal was 
two luillimeters thick at the threaded end under the shoulder, and 
about five millimeters thick at the other end. The object of this 
gradation of thickness was lo discover what effect the thickness of 
the casting had upon its permeability. It happened that the mer- 
cury escaped in all cases at points near the middle of the cylinders, 
where the metal was of medium thickness. But inasmuch as it did 
not flow from all parts of the castings with equal freedom, but rather 
from particular localities in each, it would appear that it could 
hardly have passed through poret, as the term is commonly accepted, 
but rather through minute accidental pin-holes between the granules 
or crystals of the materials not to be avoided in casting. In this case 
iron of a hard, close texture would he open lo these imperfections as 
well as soft iron, though not to so great a degree on account of the 
smaller size of the crystals. These openings may be partially closed 
by filing the surface of the casting. A file was passed over one of the 
castings tested while the mercury was escaping under the pressure. 
A number of the jets were obliterated, only the stronger ones remain- 
ing. For this reason samples to be tested should not be turned or 
filed, but subjected to the pressure in the rough state as they come 
from the foundry. It is also in this state that they appear in fur- 
naces, for the sake of which the tests are made. 

Hammering is still more effective tban filing, and in wrought-iron 
the pores and air-holes are completely closed. 

Thus every part, as large as the small samples tested, of every cSrSt- 
ing used in a furnoce is Hable to come out riddled, like them, with 
minute holes invisible to the eye, yet large enough to allow of the eii- 
cspe uf gas under pressure. This outward pressure 
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leBs fntquently in every hot-air furnace now known. In ihe ordinary 
dome furnace itie constnot in ordinary use, as previously snid. Fur- 
nace men willdifferin regard to this and will Bay that it is impoEsitite, 
thiolcin^ that a powerful upward chimney- draught would overcome 
any alight upward tendency given by the height of the dome above 
the lower opening into the smoke-flue. 

Others will be aa poaitive the other way. But the practical fur- 
nace man is nnfortunately not the authority to consult on these mat- 
ters. He is commonly ignorant of the scientific principles which ' 
should govern the construction or regulate the use of a furnace, and 
} of any arraQgement not found 

n the truth, the writer was obliged to have a hole bored 
n the top nt Ihe dome of his own furnace, which is a wrought-iron 



^nerally unwilling to see the v 





MacGreggor furnace No. 4, one which is t< 
similar, to the Magee shown in Fi;;. 132. Tlie opening was five mil- 
limeters in diameter and threaded to take a brass tube as shown in 
Fig. 137. 

A manometer was atUclied to the tube and the pressure of the 
gaa from within or without accurately measured in millimetera of a 
water column. It was found that there was a constant outward presa- 
ure of from one to eight millimeters, according aa the check-draught 
door was from one to five centimeters open. Or, roughly speaking, 
a pressure of about one millimeter for every centimeter of opening. 
No vulve was uaed in the smoke-flue. The same pressure outwards 
occurred when the feed-door was open. 

There ivas never an inward pressure except when Ihe drnitght up Ihe 
tmoke-Jlue was loo potcer/ut to be left udth safely. 

From these experiments, therefore, the necessary inference is that 



! Open J 

□ furnaces aflbrJ no adequate security Hgainst the escape of 
gas. Even if tested Qnder pressure before use, a precaution which 
no furnace dealer or maker woald veuture to take, even if it were 
practicable,' they would still be unsafe for the following reason : a 
caatinjt of iron wneii examined in seetion. Fig. 1S8, will be foand to 
be densest at the sarface and more and more open or larger in grain 
approaching the centre. In a section of soft Scotch pig-iron the gran- 
ules at the centre appear as large as those in the centre of our figure, 
while the outer portions are very much finer. Outside of all a coat- 
ing of silicate forma a thin akin eoinparatively impervious, so that a 
furnace, which when new would resist every test, miglit prove to be 
quite useless as soon as the thin outer coatingg were destrayed by heat 

With wrought-iron these objections do not hold. The gas-pipe 
used in the experiment illustrated in Fig. 136 was of wrought-iron. 
As was to be expected, no mercury passed through it under the 
greatest pressure then applied. 

Wrought-iron is, however, more quicklj- burnt out than cast-iron. 
But the difference is not important, especially where fire-clay UniD<« 
are used and proper care is taken in its management. 

What will happen to iron in a red-hot condition seems to me to be 
entirely of minor importance. The matter is almost wholly depend- 
ent upon the qaality of the castings used. 

To obtain castings which, in the cold state, will allow no gas to pass 
through under greater or less pressure, either when new or after a 
little use. I believe to be difficult if not impossible, as furnaces are 
now made, and at best always a matter of chance. 

Most basement furnaces are now so' constructed that it is never 
necessary to raise them to a red heat to obtain the best results, and, 
in practice, this high temperature is seldom seen except under care- 
less man^ement. 

The experiments of Ueville and Troost (who were bound, as s<a- 
entific and consuienlious investigators, to select with care perfect cast- 
, ings for their test) show that a very small quantity, about one half a 
cubic centmeter, of carbonic oxide was found at the surface of the mm 
when heated to redness for enery miliicm cubic eentimeterg of ur 

eassed over the stove. Of this small quantity, part was gen'erattd 
y the fuel within and permeated the iron, and part was formed on 
the surface by the decomposition of tlie constituents of the air con»iffi 
in contact with. it. These experiments, and the report of Genenu 
Morin to the French Academy, have given rise, for the last ten yesn, 
to endless heated discuesions as to the danger of iron in this condi- 
tion, — discussions as fiery when prompted by pecuniary interests W 
the iron itself under consideration, and having as little lo do wilh 
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lliK practical question aa reil-hot iron has to do with properly made 
modem hot-^r furnacea in general. Since the^e faiiioiis experi- 
meata the iron has cooled off to a moderate temperHture, but iLe dia- 
cnsFiona glow aa fiercely as ever. 

The fire-pot, now much thicker than the iron of the Ktove tested 
by DcTille am! Trooat, ia, in a proper furnace, also protected by fire- 
clay (practically to prevent the iron from burning out, but nomi- 
nally to allay thefeara of the worried and excited publie). The r&> 
dialing surfaces remnin as thin as before, but are no longer heated to { 
redness. i 

We paes somewhat blindly from one extreme to another. Tha I 
opponents to the theory of " red-hot " permeability, and the dealers 
in cast-iron furnaces generally, are convinced tliat the French Acad- ' 
emy was mistaken, and that it i» practically impossible for gases to 
pass throngh red-hot iron. In defeiiee nf their position they march 



out a eiuall army of " distinguished " ubemists, physicians, professi 
and doctors of philosophy, who advertise liberally in behalf of the 
cast-iron furnace men that " cast-iron is no more permeable than 
wrought-iron; " that " any scientific cbemiat of experience must con- 
sider the exposition made in tavor of wrought-iron much in the same 
light as a 'mare's nest;'" chat " the result of analyses shows that 
carbonic oxide Tieu never j>as»ed through the metal at any lime;" that 
they cannot after three months' tHal, working night and day, get the 
smallest particle of gua through the iron; that one has " never kno 
such a thing as these gases passing through either cast or plate i' 
when used lor heating purposes," etc. 

Fig. 1S9 represents the Reynolds Wrought-iron Furnace, one 
the most perfect hot-air furnaces now known. The doors are ( 
cular in form, with bevelled edges, turned to fit nilh the greai 
nicety, so that they are as nearly air-lighl as niovable metal Turn, 
joints can be made, and no check -ilmught door in tile sinote^&os 
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necessary. This is a most important advantage, inisniiicli is if no 
cbeck-drnught or damper be required in the Binoke-i1ue,lbe pressure 
may be kepc continually inwards or at, least nuutral at every part oC 
tbe furnace. The radiating surfaces are well placed ^and large in ex- 
Fig. 140 represents Dunklee's Golden Eagle Farnaee. In it Lot air 
passes aa well inside of the tubes as outside of the drum (not shown 
in tbe drawing), enclosing tbem and tbe smoke chamber, thus ex- 
emplifying both principles of circulation previously described. The 
tubes are of wrought-iron, and it is elainied that the greater expan- 
sion of wron^ht over cast iron tightens tbe pints when tbe furnace is 
lighted and lessens tbe liability of leakage. The Furnace has a large 
radiating surfiice and is a powerful beater. 
In Cbubbnck's Cast-Iron Furnace (Fig. 141) we have illustrated Che 




l0^ 




princpleofan increase of the heat ng surface by means of projec- 
tions on tbe fire pot, and m tbe Golluc Furnace (Fig. Mi) by cor- 
rut^tions on the upper and lower i-adiating surfaces. 

Temv-cotta is not permeable to gase^ wnen glazed or vitrified, but 
is exceedingly porous when partially or liarJ burnt without being 
vitrified. The trary Clay Heater (Fig. 14.1) gives us an illustration 
of an American terra-eolta furnncf . 
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Soapstone is altogelhfr non-porous, and an excellent material for 
uriiaces. Tlie liuaiingpowerof the furnaei: ^lioiiin in Fi;.'. 144, made 





e Bo Ion Sonpstoae Company has proved to be much greater 

wuuU naturallf be expected of mnteriiil havinc bo low a heat- 
conducting power 

Tlie advintages claimed for the ooapstone furnace iro that it is 
nbaolutely impermeable to gawH ' nniformity of heat is easik 
maintained the amount of aoapstone forming the ridiating sur- 
fiice of a single furnace (from two to aix tons) furmshuB such a ree- 
ervon' of heat that sudden changes of temperitture in the house an 
impossible great durabihti tightness of joints owing to Uie slight 
cliange of the parts \n expan ion and eontraation under changes 
of tumperature and the similant) of these changes to those of wc 
cements used in Ibejowts and complete and even combustion of tb« 
fuel owing to the slow heat conducting power of soapstone and to a 
special arrangement within the f urnate for aupplj in^ warmed ajr U) 
the fire. A soapstone furnace tested for five years by the writer, in 
a bouse built by him at the West End of Boston, has proved itself 
a, safe, pleasant, and (after the first cost) economical heater. 

The disadvantage of the soapstone furnace is that the lar«e 
amount of radintinn surface reiiuired involves considerable espenn 
and occupies somewhat more space than an ordinary iron furnace. • 

A leakage of gas, then, in hot-air furnaces may result, first faoin 
porosity of the material; second, from looseness of the joints; or, 
third, from cracks at the feed anil ash-pit doors. The fii'st and wc- 
ond difficulties may be obviated by using wrought-iron , terra-cotta 
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or suapstone. The Chiiil may be to a. Cerlaio extent, i. 
solutely. avoiileil by adopting the grounii a,nil bevelled 
the Beynolile " Air-Tight" furnace. 

Where a caBl-iron furnace is already set, or where it 
ient to adopt either of the two courses reuomincnded, the furnace 
should be to run that there is a constant inward preasura from with- 
out. The pressure may' be easily measured by attaching to the 
highest part of the heating surface a manometer, as already de- 
scribed. In fact DO drum furnace is complete without this attach- 
ment. The manometer may consist of two simple quarter-inch ^lass 
tubes one foot long each, united at the bottom by a bend or uy a 
rubber tube, half filled with water, and attached to the furnace by 
a brass tube screwed into the drum. The whole need not cost over 
seventy-five cents, not including the labor of attaching it to the fur- 
To insure a constant inward pressure it will be necessary to keep 
the temperature of the sntoke-tlue quite high, and, unless some prin- 
ciple like that illustrated by Fig. 129 be adopted, a great loss of heat ' 
will be sustained. The principle, under 'a modified form, varying 
with the circumstances, as will hereafter be described, may be ap- 
plied to any furnace, 

Though the escape of gases may be due largely to the permea- 
bility of the materials, yet imperfect joints form a source of leakage 
equally, if not more, important. As above remarked in describing 
the experiments on the permeability of cast-iron, a small amount ot 
the mercury passed through the iron under the feeblest pressure. 
Only a fraction of an atmospheric pressure was necessary to drive 
it through the largest pores, and in the experiment of Professor 
Gibbs no pressure at all was used above that of the mercury in the 
vessel itself tested. The holes were too small to be visible to the 
naked eye, and would therefore escape detection under the ocular 
examination of the inspector. Yet with the aid of a microscope 
many could be teen, and would consequently allow water to work 
through under a pressure of a few millimeters head, or sufficient 
to overcome its attraction. This proved, by experiment, to be 
the fact. In the case of gases, friction would only retaril their 
movement, while attraction might prevent altogether the passage of 

As the only certain cure for escape of gas through the pores of 
tlie material is to discard porous materials altt^other, so the only 
cure for escape through joints would l>c to discard joints altogether. 
This being impossible, the next best thing is to choose a furnace in 
which the number of joints is at a minimum, and to run the furnace 
in such a manner that the outward pressure shall always be at a min- 
imum. Whether or not this may be done without loss of heat will 
hereafter be seen. Furnace makers will claim that the peculiar kind 
of cement they use, or their peculiar method of hammering the joints, 
will prevent leakage and stand (ire. The writer visited a furnace 
advertised by the makers to be absolutely gas-tight. The ipsavt. 
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. In some joints eaat-iron was connected with wrought. 
Pipea ot cast-iron were set into wrought-iron plates — an arrange- 
menC the reverse of tliat Deed in the Uunklee furnace. To this the 
writer ptrticularly objected, and inquired of the malcers if they could 
warrant the furnace to atHnd test at tliese points. The method of 
workiug these joints wiu, they claimed, peculiar. No cement was nseil, 
and so great was the core bestowed on each joint that leakase was ft 
sheer imposBibility. A fine new furnace was uxhibited to HhD« the 
excellence of the workman ship. The writer still ohjected, until 
challenged by the makers to give proof of any of the numerous 
furnaces put up by the company having ever leaked gas. With- 
out taking the time to visit any or all of the five hundred or more 
gentlemen whose letters of recommendation adorned the descriptive 
circular of the firm, the writer expressed himself satisfied if the fine 
new sample furnace then on exhibition would itself stand the tesL 
With the assurance that he was at liberty to make any reasonnble 
test he pleased, he ordered the furnace to be turned over and water 
■ poured into all the joints. To the complete astonishment of the 
proprietors and of the cateful workmen standing around, the water 
which was poured in poured out again through nearly every one of 
the score of careful joints, until the furnace seemed to dissolve, and 
lloat away in its own tears. 

Tlie way in which an escape of gases in furnaces may be caused 
by the pressure oE the wind is very clearly expressed by Dr. Lin- 
coln.' But it must be borne in mind that the wind ia not the only 
cause of reversed pressure. Dr. Lincoln says : " In the case of hot- 
air furnaces it is very desirable to make the aeanis actually impervi- 
ous to gas. This cannot be done with the ordinary materials, — 
cast-iron, putty, and red-lead. The unequal contraction and dila- 
tation of the pieces of casting inevitably crock the putty or cement, 
a matter of small moment provided we were sure of a constant at- 
mospheric pressure inward. But we cannot be sure that such a press- 
ure will continue under all circumstances; and the manner jn which 
the direction of the pressure may be reversed is easy to understand. 
For the iron wall of the furnace represents a diaphragm between two 
boxes, from each of which a powerful current ascends. One of 
these boxes is the stove itself, discharging into the chimney ; the 
other is the hot-air box or reservoir, dischai^ing through' pipes. 
registers, balls, and stairways, — all of which taken togouier may 
form a kind of rival chimney drawing upon the hot-air box with a 
force nearly or quite equal to that of the actual chimney. Then 
the direction of the wind may be such as to favor the exit of air 
from the box by the duct intended to admit it, and if, under these 
circumstances, a pud of wind strikes the chimney unfavorably, it is 
not strange if the pressure should be for the time reversed, and ins 
escape into the box. In point of fact this not rarely happens in 
furnaces of cast-iron, A suitable material for avoiding this exists 
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in wroughtlron, which can be made perfectly tight by overlapping, 
riveting, and hammering the edges. Slone furnaces can be made 
tight also." The furnace room should be ventilated to carry ofi ac- 
cidental leakascB or pulfs of gas when the feed-door is opened. The 
cold-air box should be made of brick or stone and made perfectly 'J 
tight, with a clean-out door favorably placed, atid the fresh air should / \ 
be taken from a spot where it is most likely to be pure. It is beet 
to take it from an enclosed spot aa little affected by winds as possi- 
ble. If no such chamber exists, or can conveniently be made, it 
should be taken in separate ducts from both windward and leeward 
sides of the house, and proper regulating valves supplied in the ducts, 
to be operated, if possible, from the parlor or sittia^-room by means 
of wires and cranks- Strictly speaking, the fresh-air box should be 
' , lai^ enough to supply all the flues, allowing one sixth for expansion 
after heating, so that the longer hotrair flues shall not draw air fi-om 
the shorter ones, as eometimes happens. 

The amount of water evaporated in a furnace to give the air the 
desired moisture depends upon individual taste and temperament, 



1 locality and climate, and cannot be delinltely speoiGed. The 



supply should, however, be automatic. The ball-cock used shoidd 
be oF a kind least liable to get out of order, and should be jirotocted 
from dust. 

It is worth while here to remark, as a consideration of some littlo 
importance in finishing a house, and one frequently overlooked by 
owners and architects, that the evaporating pan should he emptied . 

and the water-pipe temporarily plugged up on the furnace side 't-. 
while the inside finish of kiln-dried stock is being put on. Other- * 
wise the evaporating water will rapidly reenter the wood before it is 
in place, cracks will result as the house grows old, and the advan- 
tages of kiln-drying will be partially nullified. 

FIIKSH AIR IN OUlt DWELLINGS. 

In attempting to combine in one apparatus the open fire-place and 
the modern furnace the first question governing the form of the ap- 

fiaralus which must be answered is, How much space should be al- 
lowed for the circulation of fresh air about the radiating or heating 
surfaces? 

Deprived of food we can live on for weeks, but deprived of air we 
die in three minutes. Nature has, in the construction of our bodies, 
devoted half the apace in tlie main trunk to the machinery for the 
supply and distribution of fresh air. The working of this machin- 
* ery heaves the entire frame, giving it the only regular and constant 
motion apparent, and producing the only regular and constant sound 
audible to our senses. It occupies the central position in the body 
and has in its service the two most prominent features in that seat of 
honor, the face ; that is, the nose and the mouth. Yet in our artificial 
habitations the machinery devoted to ventilation, if allowed a place 
at all, is treated with contempt and crowded into whatever chance 
space may be left for it after the work of building is done. 
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lets aD<l outlets are diegiiised or hiil<lea as tliingsof which we dHNld 
be aaliamed, rather than treated utter the eKamplo set us hy di 
ae the leading decorative features of the edifice. 

In the process of breathing, the blooil is exposed to the i 
of atmospheric air, during which eipiosnre it ander^oes certaii 
elian?ei. '* The blood from the right side of the heart when it ni- 
ters the iuDgs is of a dark red color. It id then dispersed in a staled 
most minute sntidivision through the ultimate vessels oi the lung, 
and in these vessels is brought into contact with the atmospheric lu. 
when it becomes o£ a bright red color. Id other words, the hlood 
n the lungs its venoxis appearsace and Assumes the chano- 
f arleriai blood- The blood, thus arterinlized, returns to tla 
siiie of the heart, from whence it is propeljeil through the i> 
teries of the bod/. In the minute terminations of the arteries tk 
blood again loses its florid hue, and, reassuming its dark red color, 
is returned through the veins to the rioLC side of the heart, t 
exposed as before to tlie influence of Uie atmospheric air, and 
dergo the same succession of changes." (Prout.) 

" Tbe water given off by the lungs is uot pure water, such m b 
liberated in the process of distillation or evaporation, but is contam- 
inated wilh the most offensive auiuial effluvia. M. Leblanc sUUW 
that the odor of the air at the top of the ventilator of a cronW 
room is of so noxious a character that it is dangerous to be expoMl 
to it even for a short time. If tbia air be passed through pun 
water the water soon exhibits all the phenomena of putrefactive (r 
mentation. The water of respiration, thus loaded with animal ii- 
purities, condenses on the inner walls of buildings and tri<;kle9 don 
in fetid streams. In the close and confined dwellings of the pMC 
this vapor condenses on the walls, the ceiling, and the furniluR, 
and gives that permanently loathsome odor which must be familiar to 
all who take sufScieuC interest in the poor of large towns ever to en- 
ter their dwellings. Take up a chair, and it is clammy to the touch, 
and the hand retains the ill odor. 

" How much disease and misery arises from this cause it would te 
difficult to state with any approach to accuracy, because the causes 
of misery are very complicated. In tbe evidence taken before ths 
House of Commons, on the health of towns, in the year 1840, ths 
medical witnesses stated that scrofulous diseases were the result 
of bad ventilation, and that in the case of silk-weavers, who pui 
their lives in a more close and confined air than almost any other 
class of persons, their children are peculiarly subject to scrofula, 
and softening of the bones. Dr. Arnott stated that an individuaL ' 
the offspring of persons successively living in bad air, will havt 
a constitution decidedly different from that of a man who is bon 
of a race that has inhabited the country for a long time ; that tbe 
race would, to a certain extent, continue degenerating. Defectitv 
ventilation deadens the mental and bodily energies ; it leaves its 
mark upon the person so that we can distinguish the inhabitant! 
of a town from those of tbe country. This witness, in alluding ID 
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the want of knowledge among all classea on Ihe subject oE ve 
states ihat he bad heard nC the Zoolo^icsil Gardens of a c. 
■ot animals where AFty out of sixty were killed in a month from 
putting them into a house which had no opening in it but a few 
inches in the floor. ' It was like putting them under an extinguisher; 
and this was supposed to be done on ecieotific principles.' '' (Tom- 
liusoo.) 

" One of the most obvious effects of an insufficient supply of air 

the discomfort oecusioned in those who are not habituated to the 
deprivation. This discomfort is an evidence of poaitive injury, and 
may increase till headaehe, prostration of strength, gastric disorders, 
and fainting occur. Closenitss of air, not producing such marked 
symptoms, may cause dyspepsia and impairment of the general nu- 
trition, — symptoniB which are now recognized as related to the de- 
Tclopment of phthisis." (Lincoln.) 

: amount of pure air required for comfort, as jiidgeil of by dif- 
ferent persons through their senses alone, varies with individuaU, 
and with the same individual at different times, and this to such an 
that their judgment cannot be relied upon. An atmosphere 
which may seem to one perfectly pure and agreeable, may to another, 
with a more sensitive nose, be extremely nauseomi. " It is curious," , 
Hfiys Lange in hia work on ventilation,' " that (he peasant (whose 
torn of living in the air of tlio open fields would make it seeni 
It incredible) should be often the very one to insist upon an at- 
iphere indoors actually dense. In the winter the entire house- 
hold, as well as a part of the slock of domestic animals, live to- 
in a single small room, where all the cooking is done, and the 
it smokes hia far from savory pipe. He seems to feel himself 
quite at ease, only when, as the saying goes, ' he can citf the air with 

kni/e.' " 

It IS necessary, therefore, to refer to a more competent judge than 

ir sense of smell in investigating the purity of the air we breathe. 

The air of an ordinary living-room is altered by the occupants in , 
two ways. First, by a change in its eoruliluentH, the oxygen being 
slightly diminisbed, while the carbonic acid and moisture are consid- 
erably increased ; and second, by an addition of matler in tlie form 
of organic exhalations whose chemical composition and proportions 
are still unknown. 

The chief constituents of air are nitrogen, which forms its largest 
part, oxygen, and carbonic acid. The former need not he consid- 
ered in connection with ventilation. The air of a dwelling-room 
contains no more nitrogen than that of the open fields. 

The relatively small abstraction of oxygen renders the coit^id- 
eration of this component also uoimportant. The carbonic acid, 
though not the injurious element of the air of our houses, impov- 
erished by ordinary respiration, furnishes the best means now known 



The Open Fire-Plaee. 



a that the 



124 

of measuring ita impurity. Pettenkofer found that he could t 
for hours in air containing 10 pitrtB per thouaand of carbonic i 
without inconvenience. Forster states that he experienced no li-«~ 
of difficulty in breathing during a stay of ten minutes in air contain- 
ing 40 parts in a thousand. Hirt Rays that worlcmen in mines do not 
suffer as long as the proportion of carbonic acid does not exceed I 
parts per thousand. In our dwellings such high proportions of car- 
bonic acid are obtained only in exceptional cases. 

The harmful element of air consists in the organic impuriCieM com- 
ing from respiration, as well as in the carbonic oside of (.-ombustioD, 
and the organii: impurities are particularly injurious when thay are 
left to decompose. These impurities are generally found to exist in 
direct proportion to the amount of carbonic acid present, i" 
latter serves, in default of a more direct method of c 
determine the amount of the hurtful ingredients. 

As for carbonic oxide, it is a hi(^y poisonous and daDgeroua ga«, 
one part in a hundred of air being sufficient to destroy animal life. 
"The chemist Chenot, having accidentally inhaled a single breath 
of [this] gas, fell on his back to the ground as if struck by lightning; 
his eyes were rolled in their sockets, and his extreuiiticB drawn up. 
In a quarter of an hour external sensation returned, with a feeling of 
cold and suffocation. A heavy sweat covered his whole body, while 
a peculiar hypcrtesthesia of the brain existed. 

" Carbonic oxide is known to be often present in mitiute quantitiea 
in the air of inhabited rooms, proceeding from defects in furnaces or 
stoves, and to some extent from the imperlecl combustion of illumi- 
nnting material. Being a frequent ingredient of illuminating gas, it 
may enter a room through a leak or through the sides of flexiblB 
tubes. It has been found in tobacco smoke. Many people suffer 
from small amounts ; the effects commonly attributed to its action hi 
ordinary life are giddiness, headache, and prostration of strength. 
It exists in the smoke of a glowing candle-wick. Death occasionally 
results from the careless use of braziers containing charcoal, so com- 
monly used in Southern Europe; King Alfonso very nearly lost his 
life from this cause a few years ago, in Spwn. The danger of elo«- 
ing the chimney- draught of a stove arises chiefly from the probabil- 
ity iJiBt quantities of this gas will be thrown back into the room. 
The fuel (antliracite, wood, coke, charcoal, soft coal), which burns 
readily and without carbonic oxide while abundant fresh air is sup- 
plied," gives rise, when the draught is checked, to the half-oxidized 
product (CO instead of COa). In no case can we say that a given 
fire produces no carbonic oxide. For example, in a bed of live coals 
ten inches deep, we know that it exists in abnndance in the central 
layers, where oxygen is deficient in amount, and that it issues io 
quantities from the upper layer, where, again meeting with mt, it 
becomes further oxidized or burnt, making a blue or yellowish Same, 
characteristic of the perfect combustion of anthracite aod charcoal. 
and forming carbonic acid." 

" r as its effect upon health is concerned, be ooiu 
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ered pure nnd good ffhich contains not more tban 6 or 7 parts in ten 
tbouBand of carbonic acid. A good rule ia that it should contain 
uoder one part in a thousand. To attain an absolute purity would 
be impoHsible, even with tlie strongeat ventilating currents, both be- 
cause the outer air ia itaelf not absolutely puns, containing from 3 
to 7 parts of carboniu acid in tlie ten tbousani), according to the lo- 
■cialityi and because the organic product of respiration clings to the 
walls, ceilings, and furniture so pertinaciously that it may be said 
to give to every place its peculiar and characteristic odor. Boston 
Public Garden showed, in Ms.y, by four analyses, 3 parts in ten 
thousand," ( Storer.) 

A SIMPLE TEST TO ASCaUTAIN THE PURITY OF THE AlB. 

bonic acid in the air. It depends upon the fact that carbonic acid in 
lime or baryta water produces a precipitate of carbonate of lime or 
baryta which shows itself by clouding the previously clear solution. 
To make the test he used six glaea bottles of different capacities. 

^lo. 1, nf 450 cubic centimeters capacity. 

" 2, " 350 " " " 



'■ 5, " 200 " 
" 8, " 150 " 

When these are quite dry and clean some clear fresh limewater 
IB made, fifteen cubic centimeters of the solution measured out, and 
poured into the smallest of the bottles, containing the air of the 
room to be tested. The bottle is stopped up and thoroughly shaken. 
If no cloudinesa results therefrom the same experiment is tried widi 
bottle No. 5, and so on, until a distinct cloudiness ia discernible. A 
cloudiness obtained with the sixth bottle indicates at least 16 parts 
of carbonic acid in 10,000 of the air, an impurityal together inad- 
missible, so that no smaller bottle need be used. The ^th shows 12 
in 10,000, the fourth about 10 in tO,000, the third 8 in 10,000, or a 
satisfactory condition of the air. The third shows 7 in 10,000, the 
second 6 in 10,000, an unueually pure indoor atmosphere; the first 
indicates from 4 to 5, certainly under S, in 10,000, a condition rarely 
obtained except in the open air. In order to distinguish with 
greater ease and certainty when the cloudiness is sufficiently strong, 
small pieces of white paper with a cross marked on each in pencil 
may be pasted on the outaide of the bottles below the water level, 
witn the cross mark turned inwards. When this cross-mark can 
no longer be seen tlirough the solution it may be assumed that the 
cloudiness is sufficient. 

From the experiments of Ereamann ' it is found that from the 

' C. Uon^ Vtbcr TfolUrlicAi , Fnu iVoIigii und dii ForaaiiBt cg,i Baumalirialun. 



coDBntoption r»f 1,000 liters (about 35 cubic teat) 681 liters of csr- 
bonio auW are proiluued. A burner consuming 140 liters per tour 
(an ordinary 5 foot burner) generates in this time 92.8 liters of car- 
bonic aeid, about equal to that produced by four grown-up person*, 
and in respect lo organic substances it corrupts the air as much ss 
five grown-up persons. 

According to Pettenkoter, a strono workman, weighini^ 75 kilo- 
grams, and 28 years old, produces hourly 22.6 liters of carbonic 
acid by day while at rest, and 36.3 when at woi-k. A " feeble tailor," 
weighing 53 kilograms, and 26 years old, produces 16,8 liters while 
it during the day, anil 12,7 during the night. 
■ 'efolU ■ ■ ■' 



Scharling'a ' observations give the following table : 
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AMOUNT OF FHESH AIB REQUIRED PER HEAD PEK MINUTE. 

To calculate the amount of fresh air required per minute by each 
occupant of a room we will assume the number of respirations per 
minute to be 17 (average obtained by the writer from live diflereat 
persons at rest). At each breath the volume of air respired amounts 
to about one hall' liter, and contains, say, 43 parts of carbonic 
acid to 1,000 of air. If we suppose the outside air to contain 
0.5 parts per 1,000, and we wish the limit of impurity in the room 
to be 0.7 parts per 1,000, then each half liter of outside air in- 
troduced will add a volume containing 0.7 — 0.5^0.2 parts in 
1,000 less carbonic aeid than ia required. The half liter respired 
contains 43 parts, and as this breath cannot be removed in- 
stantly (unless each occupant breathes through a tube communt 
eating directly with a ventilating flue), it must be diluted witb 
as many volumes of the incoming ur as are sufficient to raise it to 
the required purity; i. e., ^" (ij ^= ^Ifi volumes of one half liter 
each tor each respiration. For 17 respirations we hare 3,872 half- 
liters ^1= 1,837 liters, or 1.8 cubic meters. General Morin gives for 
hospitals from 1 to 2.5 cubic meters per head per minute; for thea- 
tres from 0.7 to 0,g per minute; for assembly rooms, lon^ sittings, 
1.0 per minute; for short sitting*, 0.5 per minute; schools for grown- 
up pupils, from 0.4 to O.S; schools for children, from 0.2 to 0.3. A 
simple rule is to allow for each indieidual one cubic meter and for 
each anveitlUctteil gas-burner three cable meters per tidnule. 
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Tlie supply of this quantity of air is, in ordinary buildings, partly ' 
obtained by natural venlilalion, though to what extent is at present I 
unknown, as the matter has been but little studied. It is estreinely' 
important, therefore, to investigate tbe subject, and to ascertain, if I 
possible, irhat allowance should be made in our calculations for this 
air supply, and either to regulate its quantity at pleasure or to repress i 
it altt^tber. 

Natural ventilation is direetly dependent upon the permeability of , 
the building materials, and upon toe amount of air pressure upon 
the surfaces of the external walls. 

Many of us have observed, especially in unfinished houses, while 
standing near a bare brick wall on the windward side of the house, 
that a strong breeze passes easily through the brickwork and pro- 
duces a perceptible draught in tbe interior. This pressure is de- 
pendent upon three considerations, which are given by Lange as fol- 

1. The difference of temperature between the air within and with- 
out the place to he ventilated. . 

2. The diffusive tendency of the two masses of air separated by 
the walls of tbe house. 

3. The strength and direction of the wind. 

Lange shows that the difference of temperature has but little in- 
fluence upon tbe amount of natural ventilatioQ compared with that 
produced by the wind. It is impossible by any experiments which 
can be made on an actual building to determine accurately the part 

Slayed by the temperature alone aa distinct from the wind and dif- 
isive tendency of gases. But experiments may be made to advan- 
tage on a small scale and with apparatus especially derigned for the 
purpose. 

Lange gives, by calculation from such experiments,' tbe pressure 
on the outer walls of a house 20 meters high, at a barometric press- 
ure of 718 miilimetersi the inside temperature being 27.3" C, and 
the outside temperature 0" C, I.IH kilogranu per square meter of , 
tlie expoted surface. The amount of ventilation resulting from this 
pressure depends upon the nature of the building materials used, and 
may he easily calculated when the latter is known. 

As for the second consideration, the diffusive power of gases, its 
influence upon the ventilation of a liouse through the outer walls 
is, owina to the small iliiference in the mechanical mixtures of the 
air within and without, and to the consequent diminutive pressure 
against the walls either way, loo small lo oe appreciable, and it may 
therefore be ignored. 

Bv far the most important agent in natural ventilation is the 



Tilt! folbwiog table, calculated from Peclet aod Smeatoi 
the pressure of a direct wind per square meter. 




For an average velocity of the wind of 27 kilometers an hoar wt 
should havu a pressure of one half kilogram per square meter'. A 
wind stronger than 36 kilometers an hour would be exceptional, and 
is not to be reckoned upon. This would give irs, according to lie 
table, 22 kilograras per square m.eter. But in aU cases it is necet' 
aarj for the wind to strike the surface at right angles in order to ex- 
ert upon it a pressure corrcBponding to that shown in the table. In 
consideration of the great variety of force and direction of the wind, 
it cannot be counted upon as a reliable soiiroe of ventilalion, onr 
table showing a pressure varying all the way from 0,03 kilograms to 
290 kili^rams per square meter. 

It remains now to aecertain the effect of this pressure in trane- 

tting air through the walla of our buildings. The air may be 

' ways, namely, either through the a 



forced through the wall 
cidental cracE^ 



or through the pores of the materials them- 

edod to show that the ventilation corainn 
from the former is so uncertain in its nmount and so disagreeable 
and dangerous in its character, that every precaution should he taken 
to reduce it to a minimum. By the use of good cements, packtDG. 
and rubber moul'lings, it may be reduced to so minute an amount at 
to be practically inappreciable. 

Porous building materials have the advantage of greater capaciti 
for warmth. The conductibility decreases am the porosity increases. 
and what air passes through tbe walls of a building is warmed in its 
passage. But inaemuch as the loss of heat in radiation from tbe 
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outer wall! into space is the 
peratnre between these walls 



nearlv corresfwnding to it 



me for an efjual tlilTerenoe of tern- 

id the objecia receiving the mya, 

of cold air through them must cool ihein ' 



ind deprive them largely 



of their henlthiiil action in radiiitJng heat upon the bodiea of the o- 
cupanta. The greateet desideratum in heating is to have the walls 
and floor of a room as warm aa posaible, leavino; the breathing air 
comparativeiy cool; and anything Lending to destroy thia effect 
ahouM be avoiileil aa far as poiiaibU. 

Kx]>erinLentE have been made by Pettenkofer, Schultze, Marcker, 
Lange, and others on various buildings, to determine the cjuan- 
Eity of air passing through the walls in a given time, under a 
given pressure. Pettenkofer found thnt the amount of air which 
paased through the walls of his study, per hour, was 0.245 cubic 
meters per square meter of wall-aurEace for a difference of 1° C. 
between the external and the internal temperatures. But these ex- 
periments give no reliable or accurate data for practice. The only 
way to obtain correct results is to make the tests on a simple scale 
with email pieces of material uniler a known pressure. 

The principal building materials used in different countriea differ 
greatly in their permeability to air. In Germany they appear to be 
in general more porous than in this country, so that, perhaps, for 
this reason tlie need of artificial ventilation is less directly felt with 
the Germans than with ua. 

Of all building materials oono differs more widely in the matter of 
porosity than baked clay or terra-cotta, the material most exten- 
sively used. In the form of certain kinds of fire-brick its porosity 
resembles almost that of a sponge, while in the form of vitrified or 
glazed tile it is absolutely non-poroua. A piece of semi-vitrified 
terra-cotta, used in a furnace constructed by the writer, was tested 
by him, and found to permit only 9 cubic centimeters of air to casa 
tlirough per hour, under a pressure of 1 1 
which is equivalent to a pressure uf 10 grams per square C' 
The piece was SO mlllimetera thick, and presented a surface of 35 
square centimeters to the presiure. For a surface of I square meter 
the amount of air forced through would have been 2.8 liters per 
horn', under the same pressure of 10 grama per square centimeter. 

Other pieces, in the form of brick, were tested by Dr. Henry P. 
Bowditch, with the following results : — 

Four Taunton bricks allowed the air to pass at the rate of about 
62, 1 60, lOti, and TBS liters respectively, per hour, for the same 
face (I square meter), same thickness (S ceiitimeters), and s 

tressure (10 grama per square centimeter). North Bridgewater 
ricks gave 66 and 132 liters; a New York brick, 6SD liters; New 
Jersey iiricks, 24 and GS liters; a Philadelphia face brick, 891 liters; 
a hard Kastern brick, 165 hters; and a Danvers face brick, 231 
liters. Ohio sandstone gave 990 liters. 

The apparatus used for our tests is represented in Fig. 14-i. Air was 
compressed in a gas-holder shown at the left of the tabic, and con- 
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duutod by a rubber tube to two bunt glass tubes coatainiDg, the on« 
chloride of calcium and the other aulphuric acid, in passiog thraugb 
which it was thoroaghly dried. The pressure wa^ measured by a water 
uianometer, and the piece of material to l>e tei^ted was held between 
two cups ot iron securely connected with ihe rubber tube in such i 
way that the coinpresBed air could enter freely one ex[>03ed side of 
the sample and escape at llie opposite side. The four remaining 
aides were covered with an air-proof cement composed of wax and 
rosin to prevent the escape of air at any other points tliaa that cov- 
ered by the cup and tube opposite the one delivering the fresh aJJT, 




and the whole was kept under water during the test, bo that any es- 
cape of air might at once be detected by bubbles. Tlie air thus 
pressed through the material to be tested was finally delivered inU 
a graduated glass vessel inverted over a basin of water, and measured. 
"" ! apparatus was used for testing the soapstone before referred 

The apparatus used by Lange in making his moi-e extended leitf 
in Germany was similar to that above described, except that ha 
measured the volume of air before instead of after pasaian it throa<4 
the material to be tested. This method was less exact because some 
of the air meaauved m\a\n, no^ \ie nwn'iX-j W«a%«iU.Wia through the. 
material, owing to leakage. 
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The observftiions oE Sehiirmann^ and Lange show that the 
amount of air passing through poroiia materials of homogeneoua 
structure under constant pressure is inversely proportional to the 
ttaickness of the pieces tested, 

Lange gives tlie following table showing the permeability of vari- 
ous niAttii-iaU under a constant pressure of 10 grams per square cen- 
ttmeter, and the amount of air in liters or cubic deciinetei-d passing 
through them per boiir, per square meter of surface, the pieces 
tested being 30 millimeters thick. 

According to Laoge and Marcker, burning increases tbe porosity 
of brick up to the point of vitrificalion, when it becomes non-porous. 
The different kinds of bricks vary greatly in porosity. Mortar is 
exceedingly porous, but after remaining some time immersed in 
water it becomes less so. We see by the table that Portland ce- 
ment transmits 192 liters per square meter, under the slight pressure 
of 10 grams to the square centimeter, or about the hundredth jiart of 
one atmospheric pressure. It cannot, therefore, as in the form of 
concrete for basement cellars, lie considered by any means as air or 
damp proof. 
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The different woods vary greatly, pine buiu;,' more porous even 
than mortar, and oak less porous than the densest brick. Tufaceous 
limestone was found to be the most porous substance tested. 

The different kinds of bricks atid sandstones vary greatly, t-eo. 



:'Ae open J 

difFi^rent kinds of sanUatone given by Lan^ varied between 0.SS6I 
snd O.OOS cubic meters of air transmitted under tlie Ettme pressure in 
tbe same time, tbe French sandstone tested tmnsmitting 40 times as 
mucli air as tbe Genniin (Scllingsandslein), wbicb was the least 

Lan^e foand tliat a coat of water-glass (ailicate of Eoila or pot- 
atb) diminisbed the porosity, and the more ho tbe longer ic stood, 
until after a certain time it rendered it entirely non-porous. Uil paint 
acted in tbe same way as long as it was new. Water-color with glue 
size {Leim farbe) diminished greatly the permeability, mora than naif, 
and the more tbe stronger the si zing. Lime water-color (Kalk farbe} 
diminished it tbe least. Paperin<; diminished the porosity more or 
less accordins to the naturu of tbe paper and (.he thickness of the 
paste used in hanojing it. Tbe diminution of tbe permeability varied 
for different tests between 18 and 76 per cent. 

Dampness, due to rain on brickwork, eCt., diminished the per- 
meability according to the degree of the moistening, in some cases 
rendering a porotis material absolutely non-porous, as in the case of 
fielon and Portland cement. 

Knowing, then, the permeability of our building materials and 
tbe pressure of the wind, it is easy to calculate the natural ventila- 
tion in atiy given case. Suppose, for instance, we have a room 6 
meters square atid 4 meters high, with one exposed side, and that the 
eKDoaed side contains a window 1 meter wide and 2 meters high. Tbe 
walla are 40 centimeters thick, 30 of which are brick, 4 alr-Epace, 
6 furring and plaster, and present a surface of 24 square meters to 
the outer air. Take out 2 meters for glass surface, because glass is 
Qon-permeable, and we have 22 square meters of brickwork exposed. 
We have found that 1 square meter of hard Eastern brick 3 centi- 
meters thick will admit 165 liters of air under a pressure of 10 
grams per square centimeter. We have, by our talile, for plaster 
146 and for laths 3,ti3G, But supposing their permeability and that 
of the mortar to be the same with the brick, we have, tor our 40 
9 thickness of wall, — "„, ' ■— ^ 250 liters of air trans- 



milted under the pressure of ten grams per square c 
100 kilograms per square meter. 

This pressure is, by tbe table, equivalent to that of a severe storm 
bearing directly upon the house. 

For a moderate wind tbe pressure would be alMut 250 times less, 
and we should have a ventilation of only one liter per hour. For a 
Fhitadelphia face-brick wall we should have alxiut 5 liters per hour, 
up to 500 liters, or h.ilf a cubic meter, in case of a severe storai. 
For a gentle breeze, direct, it would be about 2 liters per hour, and 
at right angles with tbe wall, say, 1 liter again per hour. If the wall 
were papered on tbe inside or painted in disleuiper, these fizures 
would be reduced, say, one half, and if oil paint were used the 
ventilation would tie reduced Ut nothing. 

Where the walls are built of the limestone given in Lange's 
8,728 liters per hour, tbe ventilation in a high 
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wind would amount to ' ■ "''^ "^f ^ ^ -^ 17,388 
meters per hour, or O.S cubic meters per minu 

sul!idetit for a Mtide occupant. Thus wu see 

left to the Diitural permeability of tlie material, would vary witii 
everj material and wltli every change ot the wind, bein^ greatest 
when the wind was highest and the exterior air was coldest, or in 
other words, when least desired. It is therefore in the highest de- 
gree unreliable. Such a form of air supply ia objectioDablc, too, in 
most cafiea, on account of its cooling action upon the surrounding 
walla. We have seen that (calculating from Lange's ligures} a 
building material may admit air enough to eupply one person for 
«very 22 square meters of wall-surface exposed directly to the 

The matter assumes, Ihen. considerable importance, and demands 
of the heating and venlilnting engineer careful study. Indeed, it is 
easy to obtain bricks and stones so porous that a candle may be 
blown out by a alight effort of llie breath through pieces many cen- 
limefers in thiclcDess. The experiment may e.isily be performed 
by any one by attaching rubber tubea to opposite sides ot the sample 
to be tested, and covering the remaining aides with wax in tbe man- 
ner described. 

While, therefore, it may for many reasons be desirable to employ 
porous materials for building, these materials sliould be carefully 
coated with non-permeable substances, either outside oi- inside, or 
hoth, and every precaution possible should be taken to prevent the 
entrance through them of the outer air, though I am aware that this 
conclusion is exactly tbe reverse of that held b^ Lange and others. 

If there were cases where no other sufficient fresh-air supply 
fKuld be obtaine<] than through the pores of the building materials, 
natural ventilation might be recommended. As it is, there are, un- 
fortunately, many buildings in which no other sufficient supply is 
provided, and natural ventilation then becomes, in spite of ua, a 
great good; but aa our question here is with well, and not ill venti- 
lated buildings, accuracy and success in our arrangements require 
u» to know its greatest extent and provide against it. 



THB FRHSH-Ain INLET. 

The walla of our building having been made impermeable to 
air, and all cracks or accidental openings having been carefully 
dosed, our fresh-air supply may be accurately calculated and con- 
trolled, and the heating aurfacea over which it ia conducted may be 
utilized to the beat advantage. 

The size ot our healing surface having been determined b^ the 
amount of fresh air required to be warmed, and this amount again by 
the niaxioium number of persons and gits-burners to be supplied, it 
only remains to Hx upon the best point or points in the room for the 
fresh -air delivery. Here we enter a long-contested battle -fieli]. 
Whatever means be employed to warm the air before its introduction, 
it should enter and be diatributed in such a way aa to eerv 
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any. Aa a general rule, and alaayg where u 
pen Hre-plnce is useU, tlie entrance sliould be al or near Ihe eeilinii, 
rhatever Bystem of heating or cooling the fresh-air Eupply be adopted. 
and whether, upon entering, it be i;ooler or wanner than the lur al- 
ready in the room. If it enter warmer, it will rise at once to it* 
ceiling, even if it be first introduced at (he floor, so that there is no 
advantage, In tbe way of beating the floor, by liavtDg the hoc-iur 
registers in or near it. This may be easily verified by burning Eonie 
damp straw in tbe freeh-air box or lluea of a furnace and obserr- 
ing (be course taken by ibe warm air thus rendered visible, as it 
issues from a floor registei'. It will be found to fboot ttpwards in a 
round column tn the veiling as represented in Fig. 1J6, more or 




L 



le.'s rapidly according as its temperature exceeds more of less that 
of tbe surrounding air Oulsi ie of this column the air will be no 
warmer at or near the flo<.i than if do register there existed, until 
the heated air at the top descends in regular strata to the bottom. 
In fact, one of the best places to draw off the colder and fouler air 
from such a room would be through an opening placed directly by 
tbe side of this hot air supplv register in the floor. If, on the con- 
trary, tbe fresh air introduced be cooler than (hat already in ihe 
room, it will, if it enter at the floor escape at ouce at the fit«- 
place opening or at any other foul air exhauat-flue which may be 
placed near the floor, without rising to the level of the heads of the 
occupants, and be lost. But if tbe entering air be cooler than the air 
of the room it will greatly inconvenience (hose who may be seated 
near (he inlets, where these inlets are at the bottom of the rooai, 
especially in large rooms, as in public halU, school- houses, and thea- 
tres; whereas, if the supply registers be at the top and exhaust ref- 
isters nt the bottom, no sueb inconvenience will be felt. No opening / 
for extracting (be products of respiration should be allowed above 
the level of the heads of the pei'sona occupying the room. If ibii 
rule be ignored the treab air will not reach the occupants, and no 
ventilation will be for them effected. Fig. 147 shows what woald 
be (he result in a bedroom where the exEaust register was pUceii 



above the head of the sleeper, 
reprefenteil in the floor. " '" 
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first forms itseK along the ceiling in an 
oil lits on the surface of a body o£ 
As more liot air enters, the first <le- 

\w lowir, cufili.'r. ami heavier strata 




a of light and 
} docilely and obligingly the 
paths lav<l out For it by the would-be ventUators, when they explain 
then pntent arrange tnetits by little arrows meandering; about snake- 
like in pursuit of a " draught," or heated exhaast flue. It does not 
" head directly to the exhaust register even it the so-called 
" draught " itv it be ever bo atron". The lower strata ooly flow out 
nt these exhaust openings just as the lower Btrata of water in a backet 
would flow out of n hole bored in the side near the bottom. We 
must always bear in mind that it is not the lighter column of air in 
the chimney pulling up the heavier air in the room, but rather iha 
heavy air in the room pushing up tbelighter column in the chitnney. 
There is no suction such aa the word " draught" would imply, but 
a simple uplifting, by the cooler masses of air outside of the house 
and within the rootn, of the lighter strata or column in the exhaust 
fluf. The word " draught " is a misnomer and is responsible for 
much of the confusion existing upon the subject, With an exhaust 
opi;ning placed as shown in Fie. 147, or worse still at tbu ceiling, 
where Ibcse openings are usually pat (though fortunately they are 
seldom operative on account of the want of motive power), the sup- 
ply of fresh air might lie enormous and yet the sleeper sulTer from 
want of it. 

Where a room is heated by a stove and no fresh air is introduced, 
this stratification of the air is broken up. as shown in Fig. US, and 
the motion becomes more complicated. The currents may be illus- 
trated by healing with electricity, or otherwise, a piece of metjkl at 
the bottom of a glass box filled with water containing some coloring 
matter, and throwing the reflection of the water by means of a lena 
and calcium-light upon a screen. 

These all seem like facts simple and reasonable enough. Why 
then such a diversity of opinion regarding the location of ventilating 
openings ? It is becausu in ordinary buiiJinga the nuestion of tlia. 



disposal of the procluL-t; of respirilioTi is compljcateii wiUi thoae 
Ibe gas-burners. wliiU- the two shoulil be kepi entireljr distinci, ■ 
a separate ari'l opp^^iie system of ventilation proviiled for each. To 




the ceiling, u u 
cuitoniar]' in this country, the upper pure anil warm stratH of air an 
iuipovei^abei] by the products of g»s combustion, and it is assamedtlnl 
tlie only eure is to draw i! all off oi fmt ai it ii generaied. The jmid- 
uctH of respiration do not rise at once to tlie ceiling, as do those et 
illuminBtion. The brefttb is directed dotvuwnnls hj the form oE dia 
nostrils and it becomes bo quiekl^ mixed with the surrounding air 
that before it has time to rise again to any considerable height it hu 
attained the general temperature and follows the ireneral inovemeal 
of the latter, whatever Inat movement may be. Were the hcnt and 
impurities of gas combustion carried off at their source, anil not al- 
lowed to affect the genernl atmosphere of the room, our probba 
would be at once simplified. The fresh, warm air at the top of tha 
room would be kept pure until it descended to tlie level of the oc- 
cupants, when it would perform its olSce and pass off throttn-h the 
exhaust registers below. 

Ak 11 gcnciral rult, then, the exhaust openings slioiild be near tlw 
flurjr fur buildings heatiid as is ciiatomary at the present dav. Aa an 
exception lu this rule may be mentioned the case of heil-roomB io 
whicn the fresb-air supplj- is obtained in winter through the open 



window, and 

enter at a temperature at 

will then be at tho bottm 

skin will rise to rl ilii 

be serviceable. !■ ■ ■ ! 
exhaust openiiiL i 
desirable to Will. I. ili | .. 
sickness or dui-i:i„ iln. 



s introiiiiccd. In this c 

■near the freezing point. The purest tSr 



breatli and exhalations 'from ^ 
i-ihaiist register there placed will 

1 , i.'ven ill fiuch rooms, to hare M 
;ilimc, for use where it is foand 

<jL'|' its introduction, as in cases d( 
ivhcn iTiudow ventilation -ivonU 

The exhaust openings would also be in place at the bottom of the 
room, were the system adopted of supplying air partially i 
say. at 10= or 15= C. (.iO= or GO" F.), to' rooms heated I 
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tunipemturc by hot pipes <ir tlues behind or Ijeneatli the walls and 
Uoors. The pure air would then conatantly fall below the respiriHl 
Mr, and the movement of the stratn would be ihe reverse of that arm 
obtained. Such a system of lieating would be the most agreeable 

tud salubrious possible ; but lierelofore its costliness has stood in the 
way of its ^nersi intruduction. The cost being e<[ual, timt Eyetetn 
which aptiroarheB most nearly the desideratum mentioued must be 

iiccounted best. 

ACCIDKNTAL CRACKS. 
Under Prensure, however slight, such as that of the air of a fur- 
lace flue of little height, air will escape at a thousand minute open- 
1 having a number of duors and window* however 
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f a t ht pre su n fort, n 
I fiesu f an o dina 1 in 
penment A o n ab ut fi m 
iHpiare and S.flO meters high, containing five windows m three sides, 
two doors, and a fire-place, with walla and ceilings plastered, and 
floors of soft t)ine, was taken for experiment, in a city corner house, 
V being built by the writer. A flue ten meters lojig, from a base- 
ment furnace, furninheil tlie rooms with hoi nw. Tlif wiivluws and 
doors were first made as tight as possiMo nlili iiiMm't iiiuuldings. 
he fire-place was then cUraed bv drawiiiL' iln' il:iiii|ii'i' :iiul pa.'tting 
ipor over the cracks. The brick back iiml j^niih- wir.- uilud to ren- 
:r them impervious. All the wood-work w^s tkiu-o uglily uileil aud 
shellacked. A good lire was U^btod in the furnace, and the register 
opened into the roam, all doprs and windows being closed and 
locked, and the key-jioles ^toppe I in. The hot air entered iilmost as 
rapidly viik tlm doors closed :< tvuen they stood open, and it con- 



tiniitd to enter at tl 

tliminution as long a , 

ter Btood at 2° C. outside. The entering hot air ranged from -40° 
tfl 55° C, The dai- was March 3, 1880. Other experiments gare 
the same results. I'he pressure of the hot air from the register wm 
sufficient only to raise a single piece of cardboard from the regislar. 
A portion of the air must have passed through the pores of the 
materials, and the rest through cracks and fissures which escaped 
detection. On die 5th of March, a coat of oil paint was applied to die 
walls and ceilings. This diminishBd the escape of air only about five 
per cent. On tne 19th of March, four coats of oil paint had been put 
on the walla and ceilings, and three coats on the floor, to render tliein 
absolutely impervious to air. The escape of air was iliminisbed unit 
about ten per cent. 

On the 25th of March, al! the window-aashea were carefully es- 
amined, and all viiiible cracks at the juints, at the pulleys, cord 
fastenings, etc., carefully calked and puttied, and the ealire room 
examined, and putty used freely wherever even a euspicdon of i 
crack could be found. The result of all this was a dimtnutioa at ^e 
utmost of but twenty per cent in the esci^ of the air, or, in other 
words, in tlie entrance of air through the register. Each experi- 
ment was continued during more than an hour. The air entered as 
freely at tlie end as at the beginning of the hour, when a volume ul 
air, more than equal to the entire capacity of the room, hart entered 
it through the register, with no visible outlet. 

Nevertheless, numerous microecopio outlets must have remtuned, 
especially around the window-sashes, through which the air eHea[ied 
in this lai'ge quantity under the slight pressure applied. In order to 
render the room completely air-tight, therefore, it would be necessary to 
surround the windows, doors, mantel, and base-board entirely wiui a 
thick coating of some absolutely impermeable substance like tar or 
putty, or to paste over them large sheets of oii-cloth or paper. The 
room would then, and then only, be hermetically sealed, and the hot 
air from the furnace would cease to enter as soon as it reached tU 
Umit of compressibihty under the pressure applied. 

Where an open fire-place is used, the foul-air exhaust is of ne- 
cessity at the bottom of the room. The supply must therefore of 
necessity be from the top downwards ; for, as we have shown, if the 
air enter cold it would otherwise pass off through tiie lire-place open- 
ing without ventilating the room, and if it enter hot it would rise at 
once to the ceiling, wherever the inlet might be located. To serve 
for both, as for summer or winter use, as well as to avoid disuhar<due 
directly upon the occupants, it must be at the ceiling. To prevent 
contamination of this ah- by the gas-burners, it is necessary that the 
products of combustion should be removed at once upon their f^Dei> 
ation at the level of the burners, by ventilating ducts connected with 
each burner. It is urged in objection to this, that the appearance of 
the ventilating ducts woa\4 \i« una^^iA-i > »tiA tt\3.t no one would con- 
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t to have so clumsy a contrivance in liis hnuw. But the space 
occupied by the ventilating fluea need bt iii) greater than lliat ordi- 
nnrily taken up in the designs of ^af-Hxtures by meaningless scrolls 




casings a))]ilieil solely for the purpose of i: 
eight and size of tlie pipe anil impi-oving its 
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140 to 157 rtipresent ventilating diaailelierB designed hyllm 
The fii'st two are for the Adftios Nervine Hospital, now be- 
inn; built by liim Ht Jamaica 
Plain. Fig. 149 is for the 
dining-room, ha'ving ei^ 
j;;lobes svuTounding a central 
reflector. A section of this 
. tlianddier i» given in Fig. 
lol. A bell ia formed o?er 
tlie central burner, from 
wliich aaeenda tlie main ven- 
tilating flue enclosing the gas 
supply pipe. Another bell 
encircles this, and carries off 
tlie gas products fi-otn the 
eight globe burners. Eight 
Ijranch flues, one tiver eacl 
burner, connect this bell with 
the main ventilating flue. 
The branch flues are double, 
as protection against heat 
The diameter of tlie inner 
branch flues is three centi^ 
meters each, the outer cot- 
erings are four centimeters, 
that of the main iluc eight 
centimeters- It is imnortant 
th»t the flues should be just 
large enough to carry oif tlie 
products of gaB-corabustion. 
and no more : otherwise the 
pure warm air of the room 
will be carried off with it and 
wasted. The lower rim of etM'h 
bell is provided with a smAll 
glitter to catch the return wft- 
ter of condensation. Figtires 
15' 150 and 152 give the parlor 

chandelier, where each bell is separate from the rest. In this ni 
burners are used. The flues are of the same size as in the diniorf- 
room chandelier. Both of these designs are Itept very simple, in 
accordance with the instructions of the building-committee. Fig. 1S3 
gives a. somewhat more elaborate design for a small chandelier wi& 
two burners and a reflector. This is sliown in section in Fig. 15<. 
Fig. 155 gives the bell in detail with the condensation gutter. Figs 
156 and 157 give a view and section of a hall pendant. These dedgns 
are intended to be executed in brass, fire-gilt. The bells are to hare 
an inner lining of sheet-iron, with an air-space between it and the 
brass-worlt, for the free passage of cool air, to prevent the h 
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e glass-bolder U 
a carry a second chim- 
ley lar^r than tlie 
■ first, anif closed at ihe 
I top with a double cover 
" ■ The air ti. 



through the two Irian- 
■Iiiliir spacus of tlK 
holder sliown in Fig. 
159. feeds the flame At 
it rises in the inside 
chimnej-, and then 
]iasses dfiwn between 
the two chimneys, and 
p .-cape a through llw 
exhaust flue attached 
to the bottom of the 

shown br 
. Theusn*! 
form of globe may be 
used over the whole, 
or a Hpecial form rf 
globe constructed for 
the purpose, with the 
top closed, may be 
adopted as in the fig- 
ure. If the exhsBSC- 
tube connects with a 
L-cpid flue, it is neces- 
sary to heat the a»- 
ceiidin^ part in order 
1u produce an initial 
draught. Fig, 160 rep- 



holder. 




the combustion throngli four branches 
connected with the space between the i 
four branch exhaust-tubes is ^iv" 
exhaust-tube below, with Sii 
given in Fig. 1S2. 



modified form. 

fresh air has free ac- 
cess to tlie inner chW- 
ney from below, and 
returns after suppwir 
tiling into one eAaiiK 
chimneys- The plan 
Fig. iBl, and the plM 
iveiope surrounding it for 



This system has been appliol in Frauce to ibe foot-liglits of 
theatres. It has the ndvantuge of lessening the chances of lire catch- 
ing the Jresses of tlie actors, as well as of maintaining the purity 
of the air of the ata^e, — a consideration of peculiar importance for 
actors and dingers, the products of gas-conibuiition being particularly 
injurious to the throat and lungs. 

Another form of ventilating gas-burner, now much used in Eng- 
land, is ahowninFig. 163. The air enters below the dobe, and passes 
out above and also at the ceiling. This exhaust at the ceiling should 
be closed for the reasons already given, only tlie lower opening being 
used. Fig. 164 j^ves nti arrangement for Bupplying fresh air to the 
.ijilitiuu 111 tlif alHccs jierfiiruH-il by tlic fixture represented 




by Fig. 163. Figs. 165, 166, and 167 give various forms of the same 
device. In LoniKin at the present time ventilating chandeliers are 
used very largely in public buildings. These were originally made 
in the form of ft vast bell or hood, covering the entire cnandelier or 
crown of lights. But by this arrangement a strong shadow was cast 
on the ceiling by the cover. The inconvenience was remedied by 
using mien slate, instead of opai^ue material, in the construction <^ 
the bell, the sheets of mica being supported in an open-work me- 
tallic frame. 

For tlie single burners of the Adams Hospital, the writer has had 
constructed a form of ventilator shown In lig. IQS. A little bell is 
placed over tlie burner, and connected by means of a small tube, 
about five centimeters in diameter, with a larger flue, ten centimeters 
in diameter, descending to the floor. The large flue is provided with 
a damper near the floor, by means of which the ventilation produced 
by the heat of the burner may be controlled. The bell and small 
pipe are double, to prevent iujurv by heat. 



open Mre<'^iaix. 

Another foi-ra, represented in Fig. 1S9, he has designed foi" Uid 
used in a private dwelling-liou)«, now nearly completed, on Darlr 
mouth Street, Boston. In this, a glasa dobe is aeed over tjie burner, 
and the hood is brought down to the globe, and may be bent down 
so as to come in contact with it. or it may be slightly raised bo as te 
leave a very small space above the globe for tbe admission of air. 
Tlie effect of this arrangement is tpiite pleasing. Tlie fartatv of the 
g!obe may be ground, cut, or colored to represent the petals of ft 
hanging (lower, the ventilating tube being the stem The gas in this 
■9 lighted by electricity. "^tiU another and simpler torm k 
This he adopted to ventilate a number oLA 
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ami toilet rooms, in a house built in Salem in 1870. It consisM of » 
square glass bo^, Fig. 171, connected with the main ventilating Am 
in each room Co be ventilated, and holding the burner. The Bupplr 
of air in this case comes entirety from the lower openiug. To avw^ 
flickering, the box inuat be brought forward in such 3 manner thil 
the current of air passes by without striking the flame. 

■' The existence of sulphur compounds in burning gaa ia to he 
regretted as a nearly unavoidable evil ; the only remedy seems to be 
the discharge of the products of combustion through' cliimnevs or 
flue a." (Lincoln.) 

According to E. S. Wood, "The sulphurous and sulphurie 
acids wbieh are produced in burning may injure delicate structures- 1 
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such AS buuks, gilding, filk?, eto., that uiuy he exposed t' 
room in whieh gaa ia buvne'l. ^^'Ile^o large ijuontitiea o 
are biirned, it causes a, rapid destruction of textile fabrics, witb a 
very acid condition of them. This was especiaJly noticed in fl)e large 
public lihrariea of London, many years ago; the covers of many of 
the hooks in the Athenceum Cliil^hoiDie, the College of Surgeons, and 
elsewhere, becouiing destroyed by the sulphuric acid from the burning 
gas. Xite amount of this acid was eo great thht it could be eaniy 
tasted by applying the exposed portions of the books to the tongue. 

It is well known that the products of combustion of ^s are Mgbly 
injurious, and Bometimcs fatal, to flowers and planta. Thefe rapidly 
fade in crowded ball-rooms, and plants growing in our houses for 
ornament become sickly and feeble where they are not protected 
from the corrosive influence of the acid gases. 

" Nearly all of the sulphur is converted into sulphiuic acid, which 
is a vapor readily condensed on the walls and other objects contftiaed 
'in a room. Gas not unfrequendy contains SO grains of sidphiir pe] 
JOO cubic feet, which in burninc gives rise to 90 grains of sulphurii 
acid ; and tliia is tlie amount which would be produced by five four 
foot burners during five hours." (Lincoln.) 

But besides carbonic and sulphuric acid gaseSjWe have the dreaded 
carbonic oxide gas, which escapes into the room in considerable ijnan- 
tities (ParkesJ whenever gas is partly burnt. This often liappena 
with the varying pressure in the mains. 

The Faraday Gas-Ventilator (Tigs. 15S-IBI) is said to be open tfl 
the objection that the draught is liable to bo irregular and the chim- 
ney to become blackened with smoke. Though with careful constmc- 
•'"1 and management both of these objections might be obviated, 
where the chance of this is great, other forms should be adopted. 
' the footlights of theatres a ventilator constructed as in Figs. 172 
to 176 might be practicable. 



to iin uiiguL ue uritcLicaum- 

In thb the footlight-screen 
" ' itilator are combined. 



4 



vertical section, showing in 

both cases a section of tlie 

large horizontal ventilating- 

flue connecting the several 

branch ventilators together 

and passing alone at tlie foot 

of the lights, partially screen- rj,, i72 — i76. 

in^tbem from the aadience. 

Fig. 174 gives a view as seen from ihc stage, and Fii;. 175 
from tlic auditorium. Li both cases a, side view of the main 
given. Ahoriiontal section is shown in Fig. 176. The mt 
should, of course, be large enough to carry oS the products of com- 
bustion from the entire circuit of lights. Each branch-ventilatco' 
should be quite small, — only enough, and no more than enough, t 
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1 Hue \ 



euliicieDt i 



tlierein, and should be liglited wiUi or before tlie footlights. 
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due to the impiiritj- of the air of the liall-room. A dozen v 

lated gaa-buraers wJiausl the atmoaphere as much as woiild f 

fift;' guests. The result is general iliMWinfort and often erident p 
tnftuent injury to the health. Were the host aware of the t 
which the enjoyment of his entertainment — not to say the health of I 
his guests — is impaired by these causes, wiiich a fraetional part of I 
the cost of the feast could have removed, he would have provided ]ni» J 
air for the lungs of hisf^iend^, on-ii it imUi su it hiiri been necessarr 
for him to buy simpler food for iln ii -tiniiii-li- and reduce his bwiJ 
of fiiidlera. the body is covtircd uitb littk' i.'in-tubes, 
dreds in every square inch, called [ii'isiiiiiiiiini-tiilK;.", for tlie eBcaped 
vapor and tatty matter from tlie skin. Tiiis va[jor arises const*nii 
from all parts of the txidy, carrying with it the decayed or^ia 
matter tlu-own off in large iiuantities every day from liie pores, u) 
mingles with the breath, itaeit loaded with the impurities which it L 
its very office to remove from the blood. ^Vhat if, instead of eOBK 
pelling our guests to teed their lungs upon these exhalations from lb* 
skin and nostrils of their friends, both healthy and diseased, whilt 
tliey were allowed tresli viands for eating, we should reverse the ttait- 
men! and compel them to eat in rotation one and tlie same disli. eufc 
devouring the moraela that another liad masticated and returovd 
again tor the enjoyment of the rest I The idea Is to iib disgustinjt. 
But we need to be disgusted to induce ua to improve our condition, 
and the idea would hardly appear more revolci:^ to ub tlian llial « 
consuming the tcetid breath of our neighbors, had not iiabit rendered 
us peculiarly callous to the latter. Yet bow delioate the atructure uf 
our lunga, and how careful shoidil he our treatment of them 1 
extent of the respirator^' surface in the lungs of an average aAuh 
is calculated by Lieberlniha ' at fourteen hundred square ^t, ai 
the number of air-cells of which it is composed is estimated by ara 
at six hundred milhons. Through this wonilerfully complex stnu 
ure the Mr of our crowded ball-rooms ia pumped twenty tunes a m 
ute, loadeil with its dust and impuritiea, although it is here that tin 
blood should he aerated for purification 1 " There are," says Le«h 
" on an average, about seventy-two puleations of the heart fl»MT 
minute, and two ounces of blood are passed through the lungs it 
each pulsation, or from sixty-five to seventy gallons every hour, -~' 
from forty to sixty barrels per day. ... TV e thus see the very 



ty barrels per i 
d and air that 



amounts of blood and air ttiat circulate through the lungs, and eu 

easily imagine of liow miwili greater importance the proper supply tf 

ia to the maintenance of good health than the supply of food, Ik*' 

ise, while we eat leas than two pounds dailj", we breathe lifKct 

that amount, or about thirty pounds." Fifty barrels of blw 
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arc fori^tl Uirough tlie hundreds of millions of air-cells of tlielimD:s 
for the purpose of obtaining the purification of fresh air. Yet we give 
it foul. An HtmoEphere fortj' miles in height has been proviclcil 
by Nature, to ensure us an ample supply for this blood punQcation, 
and at the same time ne have been provided with a breathing ap- 
paratus evidentlv designed to prevent inhnlation of the same breath 
twice. Yet we shut our friends up for entertainment in iwxes so ar- 
ranged iJiat it is impossible for them to obtain a, single breath of air 
that has not iM^en breathed over and over again, pediaps a hundred 
times and by a hundred different persona. The impurities of the 
blood have then to be carried back again from the lungs ta all pi ~ 
of tbe system, and diseases of all forms follow. ^VIlen the deuc 
air-cells become choked, eonsnmption begins. Unfortunately we 
not always observe in crowded rooms the gradual deterioration of 
the atmosphere, because the senses became benumt>ed and accustomed 
to it ; but enter suddenly from the outer air, atid the foulness appears 

In the room descrilied as allowing two cubic n 
by way of invisible cracks, there were fi.ve windows having north, 
south, and west exposure, and two doors, to say nothing of a fire- 
place and three other openings for ga»-ventUation, etc. When the 
experiments were made, all the furnace registers throughout the 
Imuse were shut excepting the one in tliis room, so that the maximum 
of hotrair pressure mig ht be obtained at this point. The amount of 
sir forced through tne chamber was, nevertheless, only 1.5 cubic 
meters per minute. Were the number of openings reduced one-half, 
leaving a number more usually found in rooms of the size of this, the 
ventilation under the same pressure would have been 0.75 cubic 
meter, — hardly sulfieient for one person. Had there been but two 
openings, say one window and one door, a coaclition not infre- 
quent, we should have had only about 0.4 meter of fresh ail 
lite, and the air of the room would very soon l>ecome foul, even with- 
out die consumption of gas and under the pressure of ilie hot-a 
column. Were the pressure removed the air of the room would have 
been nearly stagnant. 

In heating and ventilating a room, provision should l>e made for 
the maximum number of persons it is likely at any time to contaii 
and for each burner contained in it, supposing all to be in usi 
A parlor, fur instance, in which an entertainment for fifty guests 
provideii, and ten unvenfUated gas-burners, are used, should have 
fou!-air exhaust openings and fresh-air supply suffleient to chan^ 
tlie air at the rate of one hundred cubic meters a minute, or, if the 
gas-burners are ventilated, at the rate of fiftv cubic meters per min- 
ute, assuming that the room is connected with others equaUy filled 
with guests and burners. Supposing we allow the air to travel 
throng the openings at the rate of one hundred meters a minute, 
these openings, both exhaust and supniy, should each be at least a 
meter square in the aggregate, and the aj 
the lur should be such that ' 



apparently changed at the rate eetablishcil, and thia without extrac>^ 
'iinary expense or inconvenienco. There are few rooms to be found 
with even an appraximatioD to such ventilation. It is nevertlieliis: 
possible, and the manner in which it has been accomplished by the 
writer will next be described. 

THE FURNACE VESTILATINO PIHE-PLACE. 

Fig. 179 givea a plan uf the parlor floor of the writer's hoDBeniv 
being built in Boston after his drawings and specifications. Fig. 181 
represents a portion of the fire-place side of thci front parlor, a roam 
about seven meters s^iuare ana four meters high, large enough lo 
seat twenty-five guests comfortably. In it there are ten gas-burners. 
These were unwillini;lv left unventilated, because of associationt 
attaehing to the Fhaudeliera long used by the family. Provision bat 
therefore been made for changing the atr on speoial occasions al the 
rate of sixty-five cubic meters per minute through exhaust openinn 
placed both at the ceiling and at the floor. The use of the nnvenn- 
tated gas-burners is a serious blemish in the system of rentilatioti 
employed. But as this unfortunately is a condition at present utn- 
allv enconntered by the sanitai'ian, who wonld find few persooi 
wilUng to alter their fixtures for the sake of pure air, it is importaai 
to know the best way to meet it. 

The plan of the fire-place in this room is shown in Fi", 182, Tl« 
back is constructed of a slab of soapstone, faced on tie room side 
with ornamental unglazed tiles. The sides are built of fire-bricb 
faced with glazed tiles, which reflect the light and heat of the flama 
and add to the effect of the fire. Behind the back and sides of ^ 
fire-place is a fresh-air space into which pure air is admitted diracdr 
from the outside through a register opening from the open vestibnlt 
as shown in Figs. 178 and 1S3, the latter being tlie front elevAtioniil 
the house. The re^ster is placed a meter up from the floor of tbt 
vestibule, winch is tiled up to the ceiling and open to the outer aif, 
the front door being further in. The purity of the fresh air at all dmM 
is thus ensured. Its supply is regulated by a simple valve near tlM 
register, operated from the parlor by a cord at the righl>-hand nd6 
of the chimney-breast. The valve is nothing more than a plate si 
l-inch iron, which is lifted when the cord is pulled from wilUs 
and opens the register, closing it again wholly or partially when tht 
cord IB released. 

The fresh air is first modei-ately wanned by coming in contact with 
the heated back and sides of the fire-plaee, and then rises into » 
large fresh-air chamber above the mantel and behind the chimnej- 
breast, represented in section in Figs. 184 and 185. Here it gtrik» 
the hot walls of an enl^gement of the smoke-flue, similar in pur 
pose to that described by Feclet (Fig. 125), though different in siM 
torm, and principle of construction. AStei having been furtlw 
warmed by contact with this furnace-attachment or heat-dititribnta* 
in the smoke-flue, it enters the room through an ornamental cat-^nf 
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register in tiie chimney-bresBt, near the ceiling fFig. 181), c 
ba allowt^d to pas9 into the second-story riKim above, through a itln 
in the ceiling o£ tlie fresh-air chamber, shown at the top of Fis. IH, 
operated by a cord and taasel at llie left-hand side of the o' ' 
to-east. Tiie furnace or diatributor in in this case made of c 




baked t 






, especially prepared with 



resisting A" 



it heat and the most sui3den ehanaes of temperature wilhw'' 
eraclan";. An a test, before maJdng one of these radiators, tliewMtt 
had a piece uf terrarcotta, of the Icind to be used, heated to diiteR* 
degrees of heat, inclmling red-heat. Cold water daelied upon tb 
sample raised to theae temperatures produced nu apparent L ' *" 
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effect. On -he otliei- hand, i£ lliii clay in not of the pruper kind and 
properly baked, a strong dame may quickly crack it when it is sur- 
rounded with cold air. Fig. 186 gives this distributor in perspective, 
somewhat modified in form, to show another way of arrangmg the , 
dampers. The name "distributor" is given it, in preference to 
" radiator," as espresMng more accurately its office : the heat is not 
obtained from it Dy radiation, except in a slight degrae, but by con- 
vection, and "convector" would therefore be a more appropriate 
term. But any hot flue would in this sense be a heat "conveclot" ] 
as well as this. Its most characteristic function is to break up and 
spread out the current of smoke, and diilribule its heat over a large I 
surface, that it may be more readily taken upbythefresh air brought ■ 
in contact therewith. 

The movement o£ the smoke and of the fresh air are clearly repre- 
sented in the secuons by arrows. By referring W Fig. 144 of the 
Boapstone furnace, it will be seen that the general principle of circu- 
lation is somewhat similar in the two devices. The column of smoke 
is subdivided and brought efficiently in contact with a large heating- 




surface, witbout encountering suHicient resistance dangei-ouslv to 
obstruct its passage. The fresh air strikes almost every part of the 
heating-surface, without in its turn encountering serious resistance. 
By referring a^ain to the Chilson furnace (Fig. 134), we see how Uie 
smoke is distributed equally among the six upriglit flues by it con- 
traction of these Hues at the top. To avoid the danger of clogging 
with soot, as well as the loss of heating-surface that would be involved 
by a diminution of the flues, the principle of an interior, instead of 
an exterior cone, in the form of a movable cone-slia[>eil damrier, has 
been adopted, so placed in each flue that, while it diminishes the 
opening, it leaves the heating-surface undiminished. By this menus, 
on the one hand, clog^ng is avoided, and cleaning facilitated, and on 
the other a greater heating-surface is presented to die rising fresh 
air, at less cost and in a. more effective manner. Tho retreating s«i> 
faces of the cone, which appear rather to shun than to court the 
contact of the air, are avoided. Parallel surfaces are substituted, 
and tliese may be perpendicular, or they may be placed at an incline- 
•;-., ^^St.v,,, iB.i o«.i =.,. -ranged diagonally over each other (ag 
r is forced to embrace every part. To 
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if this contact took place ni:lim!!!i. ami [lut merelv tUeor 
IcbUv, an opening in tte fresh-air 
fchftiubor enclosing the heater waa 
made in such a manner that the 
movement of the current of air 
could be seen by the aid of a little 
smoke mixed with it. The air was 
found to circulate about the pipes 
exacciy as expected, and as indi- 
cated by the arrows. The connect- 
ing pipes should never be placed 
horizontally unless the draught 
in the chimney is powerful, but 
either at an inclination of perpen- 
dicularly, as in Fig. 187, because 
in these positions very little (>l>- 
atruction is offered to the pa^sagi' 
of the smoke. The dampers shoi-hl 
always he placed as Jar Jrimi Ih r 
throat of the fire-place as poaaiht, . 
in order to g^ve Uie smoke oppor- 
tunity to nse as far as possibli- 
Bnd fill the pipes before meeting.' 
with the least obstruction. '^'S '86 

If liiese precautions be observed, such a distributor may be used in 
the same flue at each story of a building of any number of stories, 
without destroying the draught, for the slight obBtruclion occasioned 
by each distributor is more than offset by lie improvement of the 
draught made by each additional story added in uie height of the 
chimney. 

In the chimney of the fire-place in question only two distribntors 
were required. These appear to have no injurious effect whatever 
uiMiQ the draught, although flat dampers are used in them instead 
01 the cone-shaped ones recommended and shown in the drawings. 

The fresh warm air having entered the room as described, at the 
ceiling, descends as it cools, and gives place to that which follows, 
until it reaches the fire-place opening below, through which it 
"" "'!y escapes. In thii way, for every-day use, the draught of the 
]la«H! is supplied entirely witli fresh air previously warmed 
le Binoke^ue, and the amount of air changed is, on these 
. dependent upon the BiKe of the smoke-flue, the inlet regis- 
ters being as lar^e as desired. For special occasions, however, when 
the room is full, and a much greater change of air is neeiled, the 
ventilators are caused to act in a manner quite different. The cold- 
air supply register at the back of the fire-place is closed. The damp- 
er at the lop of the fresh-air diamber (Fi". 184, top) is opened, and 
the warm-air supply register at the top of the room becomes a foul- 
air exhaust flue to assist the fire-place smoke-flue in carrj-ing oil the 
«xtra quantity of heat and foul air generated by tlie gas-lights and 
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> the coireaponding chambers above. Thence it e 
^i eshaast-Sae provided for it at tJic top of the bouse ■ 
removed. Fig. 187 ahowa the cUimney-stack with this exhaust 
M the top. This system may be itdopted aJwajs in summer- 
Where the rooms above arc, as is uustoraary, used for cloak^^cn 
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not escnpe thronet the damper at the top of the air-chamber co 
taming the distnbutor enters the room through liese registers, ai 
if carried off through the open fire-placea, just as does the fresh ti 
in the room below. At the close of the ent«rtainmest these rooms 
may be thoroughly aired by opening the windows. Such use of the 
tipper rooms is, of course, not to be recommended ; but where for 
the sake of economy the eshaust-llue at the top of the house is 
omitted, recourse may be had to this method. The removal of 
the foul air being thus provided for, the fresh air is supplied on festal 
ocGasions as follows: Open fires on these occasions in the occupied 
rooms are not often used. Their heat would be too unevenly distrib- 
uted, and would prove insupportable to those nearest them, ilore- 
over but a comparatively sinall amount of artificial heat is required- 
Each guest is an open fire-place to the rest, generating about as 
much heat as an ordinary candle. Bach gas-burner forms another 
open fire, and radiates its heat in every direction. All that is neces- 
sary is to take the chill oS of the large voluroe of fresh air intro- 
duced, so that, with ample ventilation, no unpleasant draughts are 
felt. For this purpose a small furnace, with a very large fresh- 
air box, is placed in the basement. It stands in this case under the 
parlor, and the fresh air is taken directly from the open vestibule 
through large cut brass registers, similar to that already described 
(or the open fire-place. TUn cut brass is used in preference to tlie 
^ordinary enamelled iron, because it does not show the dust as this does. 
A volume of air as large as is required and slightly warmed is thus 
distributed over the ground floor occupied by the gnests. The doors 
of the entertainment rooms are usually left open so that if desired 
the supply of fresh air comes from the entire house (excepting those 
rooms which receive and serve as passages for the foul air and are 
therefore closed off), instead of from a single register, though the lat- 
ter should be large enough to do the work for each room alone. 
Should then the weatlier be moderate, the windows in the upper 
ftories may be opened wide, or, if it be cold, partially opened, and tlie 
general temperature of the house lowered as the heat below increases, 
or regulated at pleasure. No window in the entertainmeQt--roonis 
need ever be raised as is now customary generally at supper-time, 
much to the annoyance and distress of manr of the guests. 

What now is the motive power, which, when the fire-place is not 
in use, produces in the exhaust-flues a draught of the required veloc- 
ity' — powerful, rehable, steady and yet easily controlled f 

At one end of the house this motive power is furnished by the fur- 
nace smoke-flue when a furnace is used, or by a gas-jet in the air- 
chamber when it is not; at the other end, by the range smnke-flue, 
which, if desirable, may bo aided by a gas-jet in the fresh-air 
chamber. 

In Figs. 184 and 187, the sheet-iron furnace-flue will be seen at the 
right of the distributor. The iron is one millimeter thick and 
extends up to the ceiling of the third atory. The flue at tiiis point 
becomes an ordinary eight-inch by twelve-inch (20 by SO cm.) brick 
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flue. Thu parlor fire-place flue and distributors are also conatructcil 
of hoavj- sheet-iron pipe 1 mm. thick ftnd 35 cm. (10 inches^ in tluuU' 
I'ter, but the iron aecends otilj- to the ceiling of the third story, vhvn. 
like the furnace-flue, it enters a brick flue (in this case SO cm. stjuate)- 

No iron flue should ever run to the top of a chiuiney, for t»ft 
reasons; first, because of the condensation of the water of comlni!- 
tion, which requires an absorbent material, like brickwork. I 
up before it falls back into the pipe to rust it and ma,ke a dis^n«- 
able dri^iping sound ; and, second, because of the unnecesaary espenw 
of so doing. 

This iron fumswie-flue, coming in close contact with the fire-nl*M 
tlue, heats it to such an extent that a powerful ventilating draugnt it 
maintained in the latter at all times. The fumace-llue also heats (iK 
air in the fresU-air chamber, and produces another powerful veiA 
lating draught through the upper register. The velocity at iW' 
point miiy also be increased almost without limit by a lighted p^-Vt 
placed just under the damper opening from the top of the air-chamber 
into the space above (Fig. 184, top, gas-jet repreeented bj- asterifk}> 
This ^as is lighted and exdnguislied in the writer's house by el«- 
trical apparatus, — the safest, most economical and tuost conveniesl 
method; but where electricity is not used, the gaa may be ligbl€d 
with a match or gas-torch, through the brass register at the top (i 
the room. 

These two openings then — the register above and the fire-pbtt 
smoke-flue below — are capable, combined, of carrying oft the fml 
air of the parlor at the rate of sixty or seventy cubic meten * 
minute, without inconvenience to a single guest. By en" 
registers and flues, any desired increase Oi ventilation might 
been provided for at but slightly increased cost. Experimenta 
in the same ^r-chamber and under similar conditions on two diitrib' 
utors of the same size, one made of terra-cotta attd one of iruk 
showed the yield of heat per hour to be considerably greater for ite 
iron than for the terra-cotta. Nevertheless, the latter raised t^ »ir 
to as high a temperature as was desirable, and, in consideration d 
its greater durabdity, may in some cases be preferred to the laM«- 
It is particularly to be recommended in the lower story, when oUtB 
distributors are used in the same smoke-flue in the stories above. If 
terra-cotta be used on the first story, iron should be used on tl» 
second, and, if the first cost were not too great, copper would be tk« 
best material for the third, as being the best heatK;onductOT, Uti 
therefore best able to draw from the smoke the remainder of ii " 

Copper also is better able to stand moisture than iron, but is 

destroyed by great heat. All things considered, stout sheet^roa h 
much the best material for our purpose, since our object is genendlf 
to extract from the smoke the maximum amount of heat at I' " " 
cost and in the smallest sjiace. The cost of manufacture i 
cotta is greater than in iron when the number required is small, M 
less when it is large. 

The form of the iron distributor is seen in Figs. 188 and 1*8 
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fhe conoectjn^-pipeg are all perpendicular. Five of th.e»c jjipea are 
.5 cm. (fix indies) in diameter, and stand 10 cm. (four inches) apart 
n each other ; a Bixth is 25 cm. in diameter. But all the upright 
, es might he as large ae the hu-gest (inereadng the dampers in 
nroportion), and the heating surface would be so much greater. It 
■ found most economical to make the upper and lower horizontal 
apes rectangular in section and the connectiog-pipe.t circular. 
Sound pipes arc cheaper than Brjiiare, but the n|)per and lower 





pipes are made square to simjilify the connection and facilitate the 
riveting. The perpendicular pipes rei]uire no clean-out holes when 
iron is used, because a smart rap on the pipe is suHicient to cause the 
coked soot to fall to tlie bottom. The upper horizontal pipe has a 
round eleanout hole in the centre of the accessible side. The hole 
ia covered with an ordinary tight^'fltting sheet-iron cover. 

When these distributors are used in a imoke-due, their size of ' 
lecmrse depends inion the amount of available space behind the 
jchimney-hreast. In general, ne increase in the size of the breast 
nejond what is customary is necessary. In the lower stories wLere 
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^^H fire-])laces are most used, and where the distributor is most desirable. 
^^H oal}' a Eingle emoke-Uue is umally to be found behind the chimite}'- 
^^H breast in addition to that of tiie fire-place in quesUou, najnely, the 
^^H furnace-flue at one end of the house and the rauge-llue at the other. 
^^H Nevertheless, on these stories ehinmey-breasts are usually boxed out 
^^1 to a width of two or more meters to give them an agreeable propor- 
^^H tion, and to allow room for the mantelpiece and ebelC w that a epaca 
^^H of one or two metere in width is generally utterly wasted. The dis- 
^^H tributor U built to just occupy this waste ftpace; Uiough if more room 
^^H is desired, its width can usually be increased without inj ury to the 
^^H appearance of the room. The projection of the breast into the room 
^^K is not increased over what is customary. In order to permit of ready 
^^P access to, or of complete removal of, the distributor at any time 

^H without injury to the surroundings or to itself, an opening is left in 

^B^ the front or side of the chimney-breast sufficiently large to allow of 
^^M its removal and replacement in a slnvle piece ; the masonry above 
^^H being supported by a briclc arch, corbel, iron beam (as shown in Fig. 
^^H IS9), or by a heavy piece of fla^ng which may serve at the same 
^^V time for the hearth of the fire-place above. The use of the flf^gina; 
^^V has the advantage of doing away with the need of tiie trimmer-arch 
^V and its header, and of leaving room for the safe passage of the yenti- 

^H lating pipe of the ga^^handeUers, the thickness of the nagging reiiuir- 

^H ing seldom t^ be as «^eat as the depth of the joists. The joWs, 

^^L usually mortised into Qie header, may be hung with irons to the outer 
^^H edge of the fia^ing, which may be strenguiened if deaired, where 
^^1 the span is great, by an iron beam, In consideration of this advan- 
^^H tage of allowing safe passage 
^^P with the brick trimmer-arch, and o. 

^H marble, where the smoothed surface of the flagging is allowed to serve 

^H aa the hearth for the fire-place above, the use of flagging does not 

^H necessarily add to the expense of the building, provided the plans 

^f are carefully and understandingly drawn before the work is begun. 

These openings in the masonry of the chimney-breast are then covered 

by hinged panels, which may be made as ornamental as circumstances 

and the skill of the architect will allow. The backs of the panels 

should, of course, be tinned, with proper air-npace behind the tinning 

I to avoid injury from heat radiation. With these precautions tUs 
arrangement of the amoke-fiue renders it as much safer than the 
ordinary flue, as a double flue ia safer than a single one, and justifies 
lowering the rates of insurance on houses containing them. When 
the aide instead of the front of the chimney-breast contains the door, 
its decoration becomes, of course, comparatively unim^iortant, merely 
a moulding being required to cover the joints of the hinged panel- 
But openings of the requisite size are rarely practicable at the side, 
for the reason that the projection of the chimney-breast is insuflicieat, 
tlie flues usually retreating into the main wall. 
Instead of the conical dampers shown in Fig. 188, when the draught 
is good, a simple sheet of iron of nearly the length and width of the 
horizontal pipe and containing a series of holes cut in it correspond- 



for zas-ventilators, and of dispensing 
d oi the saving of tiles, face-brick, or 



great 
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ag to the flues below, may be placed over the openings of llie up- 
ipit pipes lo reflate the paeeage of the smoke. Tae poeition i)f 
iie damper over tne perpendicular flues regulates the amount of open- 
n^in each. 

In Fig. 181, the fire-plate opening is shown closed with doors of 
loapstone decorated with incised earring. The writer has not, how- 
)ver, tried these doors on account of the difficulty of eanatmcting 
lieu. They form no necessary part of the apparatus, and are 
jffered merely as siigsestions. ITiey are here divided into three 

Kanelti ; the lower two ^ido to the right and left in slots shown in Fig. 
S2. The upper panel rises like awindow-sash, and when open takes 
(he position shown in Fig. 1S9. It is hung by chains running 
pver pulleys and balanced by weights, after the principle of the 
" Lhomond " blower shown in Figs. 6U, 61, 62, 83, and others. The 
object of Ms arrangement of doors is twofold. It allows the fire 
either to be enclosed at night for safety by shutting all three doors, 
iff it allows it to be increased in activity by openina; the lower two 
doors and using the upper one after the manner of the " Lhomond " 
blower. These doors are desin^ied to be made of Boapatone in order 

o render them more air-tight than is possible with metal under 
it changes of temperature. The edges are tongued and grooved to 

it nicely into each other when closed. Elastic strips of thin brass might 
be fastened to the facings to increase the tightness by beai*ing against 
die soapstone doors, but it is not probable that the advantage 
thereby gained would justify the extra outlay, inasmuch as even with 
Qiem a sufficient degree of tightness could not probably be attained 
to arrest combustion and keep the cinders alive over night. Were 
lliis possible these dampers would be of the greatest value. As it is, 
their chief object is security against fire. 

In Fig. 190 we have the same device in another form. The 
panels are in this case made of mica-slate set in a sculptured soan- 
^tone frame. The mica^late becomes blackened by smoke in the 
course of time, but it may be readily cleaned or re^aced by new. 
The efTect of the fire behind them is very pleasing. The drawing is 
taken from the writer's diuing-room, except that the soapstone blowers 
ikave not been constructed. Inasmuch as the dining-room fire-place 
U rarely used, the smoke-flue is left simple. The lower part is, now- 
ever, made of terra-cotta drain-pipe, which passes through the air- 
chnmber in a Htraight line to the floor of the room above, nnd then 
enters an ordinary brick fiuo. It tlius forms a Gallon flue. The 
free space in the tJiimney-breast by the side of this tlue is occupied 
by an iron distributor like that sho'wn in Figs. 188 and 189, connected 
with the smoke-Hue of the kitchen range below. In the chamber 
above, the same flue passes through another similar iron distributor, 
so that a large enough proportion of the range heat is saved to heat 
and rentilate both rooms without injury to the draught. 

It may be sometimes convenient to draw the freah air from the 
room itself instead of from the outside, when small fires are burned 
in the fire-place at irregular intervals and insufficient heat is %%'&»«- 
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ated in the distribinor lo raise the temperature of the out«r air to 
required degree. But lliia should only be done -when the firf-ji 
draught is supplied from the warm-air ftues of a. furnace. Whew 1 
furnace is in use in the liouse the air talcen across the distribol 
should alwaj-a be drawn from the outside. It -will otherwise c 
into the'houee nuwarmeil through chance cracks, and the result* 
be that exactly that amount of heat which it could otherwise k 
abstracted from the distributor will be lost. 

The hinged panel in the chimney-breast of Fig. 190 ii 
with an oil painting and protected on the back bj- tinning. Theen 




wooden front of the chimney-breast in this case can be made 
take down, by removing the four large screws or bolts at Ihe rij 
and left corners of the mantel-shelf and under the braRs wsrm 
registers at the top. On the right and left are two sideboard^ 
connecdon with one of which, tlie lower square pipe of the di^ 
utor serves as a plate-warmer. Where two fire-places built 
each other in the same stack are both likely to be uaed, but Beld(~. 
the same time, the same distributor may be connected with botil 
their amoke-fluos in the manner shown in longitudinal section '" 

191. When one of the tires is in use, it is only necessary 

the damper in the throat of the other. But both fire-place« inaj" 
used at once, because they have separate flues above the disttibo 
One of the flues may be the range-flue, and the Fi", isi giyg, 
ilislributor actually designed for the lire-place anil range (tbo 



not Boeonstmcled). Fig. 192 




in thia eeL'tioD. Fig. I'Ji gives a 
horiiitiutal Petition of the distributor 
and of the hinged and movable pan* 
els. The brick wall is vaulted be- 
hind the fresh-air space for the preo- 

■vation of the rndiBted heat. 

We tee by the section (Fi". I69J 
Iliat the back of the IdogeJ panel •■'«■ i"*- 

ii furred out in mch a manner as to bring the tin-work close up to 
the perpendicular pipes of ilie diatribiitor, just above the lower hori- 
zontal pipe. The object of this is to direct the rising cnrrenl of 



J 
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fresh air against and between these upright pipes. Half of the suc- 
cess of the apparatus depends upon the care taken in setting, so that 
the fresh air shall be forced to strike every part of the heatint^-sur 
face. To prevent loss of heat by the radiation of the pipes upon 
each other, thin strips of sheet-iron should be placed between them. 
This greatly increases the heating-surface. 

By referring to the historical division of our subject, we shall st;t 
that the peculiarities and advantages of many of the ventilatin<y fire- 
places and hot-air furnaces described have been brouo-ht too"ether in 
a single apparatus. ° 

The principle of the sloping jambs of Ganger and Rumford (Fig. 
36) has been respected in the form of the fire-place itself. Tht ^ 
fresh-air supply of Savot and Gauger at the back (Fio-s. 29, 30, and \ 
34) is represented in the lower register behind the fire-place. TLt ." 
two-way valve (Fig. 38) may be used to regulate the admission of tbt j 
fresh air from the outside, or from the room itself. The caliducts or i 
meanders of Savot and Gauger (Fio;. 37) are reproduced in a simpler | 
form in the " distributor " pipes. The contracted throat of the mi- > 
place, the bevelled back and its rounded upper edo-e, and the non- f 
conducting, heat-radiating linings of Rumford are found in the form ' 
and material (soapstone and tile) of our fire-place; the "soufflet" 
of Lhomond (Fig. 60) is given in the soapstone blower. The mov- 
able grate of Bronzac (Figs. 62 and 63) is or ma\' be retained. For ^ 
the inverted smoke-flue of Desarnod (Fig. 65) and Montalembert (Fii ■ 
66), of Douglas Galton (Figs. 67 and 68), of Descroizilles (Fig. 69), of ' 
Peclet (Figs. 70, 71, and 72), we have substituted the simple conical ■ 
damper in the upright flues, and obtained results equallv o-ood with- 
out danger of smoke or clogging. The advantages of 'the Tavlor 
fire-])lace (Fig. 73) are retained in the use of terra-cotta while it> ; 
disadvantages are avoided by placing it where it can easily h: 
reached for cleaning or repair. The further improvements of Lera- 
(Fig. 75), Fondet (Figs. 84 and 85), Cordier (Fi^s. 86 and 87), anc 
others, in the use of a direct smoke-flue with circulatino- fresh-air cur- 
rent, have been adopted in the upright pipes and meanderin<r air- 
passage, and in the manner in which the fresh air is brou<3it ii 
contact with the distributor by the sides of the air-chamber and the 
tin linings. The jJi'inciple shown in Figs. 80, 81, 82, and in the 
ii re-places of Joly and Galton (Figs. 100, 101, and 103), of the increa>^ ■ 
of heating-surface by the use of iron plates interceptino- or cod- 
ducting radiant heat, has been followed in the use of the h-on sheet? 
placed between the upriglit radiating pipes. The principle of dac i 
ing the heating-surface above the mantel, and of increasino- It bv 
extending the smoke-flue at this point (Fig. 1 25) , is developed an»: ■■ 
carried to its utmost limits in the form and duplication of the di- ' 
tributor. The principle exi)lained in connection with Fio-. 199 b-. ' 
wliich all the heat of the smoke may be obtained without destrovins'ttt ! 
draught, is employed to advantage. Finally, the extended heatb'^- 1 
surface of a basement furnace is enuilated. The simplicitv of the Mac- 
Gregor or Magee drum furnace (Fig. 132), the durability and tiahtne-* 



\ 



of tUo eoapstoiio (Fig. 144) and 
increaaed heRttng surface obtained by tlie 
133, 134, 140, 141, and 142), are 
iou^t. Tlie distribution of tlin 
smoke ia accomplished \rith the 
minimum of friction and co^, and 
withal, the artialic treatment of 
the fire-place and mantel is unob- 
strueted. 

Any one of the ventilating fire- 
places described may be used in 
connection with it, and, by the 
combination, the maximum of ef- 
fect may be reached in the 
mum of space. 

Figs. 195-199 give this combi- 
nation with the Fire-Flace Heatei 
The form of the distributor a 
here used is objectionable on ac 
count of tlie reversed draught, although the particular chimney in which 
this was used had a powerful draught and never smoked. With a 
ordinary draught, however, it might be troublesome, and is not to I 





recommended. The lower two elbows are made to slip off for the 
purpose of cleaning out the jiipes when necessary, but tieir removal 
will probably be attended with difficulty as toon as they become a. 




Fire-I'lace. 

A damper is placed at the top of the first and third 
upright pijiea where ahown in the cuta, tti direct the 

loke through more or leas of the pi|>e. 

Fig. 200 gives this kind of diatributor in a slightly 
uompactform, but open to the game, if not greater 

l^ig. 203 givea the effect of the combination with the 
^~» "^ Jackson fire-place in the library of a house on Marl- 
^>^ boro* Street, built by the writer in 1879. The heat 

^ of tbo fresh air rising from this fire-place was so great 

Fig, 300. g^g f^ affect the carving on the frieze of tlie black-wal- 
nut mantel, and, to provide against its destruction, be was obliged to 




design thit cut brass hood shown in Figs. 201 and 203, to defiect Qtei 
current of hot air from the woodwork. The plate is extensible. 

Figa. 204-207 represent the form of distributor designed for the 
Adams Nervine Hospital. In this case the openings for cleaQisg 
out and for removing the distributor were made in ttc aide instead 
of the front of the chimney-breaat. 

Fig. 208 gives a perspectiTe view of the writer's dining-room fire- 

5 lace above described, showing the heafer behind the hinged pcuiel. 
UBt over the mantel-ahelf is the perforated panel for the admissioii 
to the air-chamber of the air ot the room when tJie outer fresh-iur 
register is closed. The illuminated frieze over the side-hoards, is of 
stained glass lighted by windows behind. 

Fig. 209 represents a hall chimney-piece in the house on Marlboro" 

Street, already referred Ui, showing another manner of decorating 

the hinged panels, fresh-air registers, ventilating gaa-bracketa, and 

chandeliers. 

When teira-cotta ia used for the distributor, it may be cast in as 
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for the baking (tlie pieces Iteine mA 
... 1. together Lie fefr 

ain-pipe), anilut 
put up with weak lime nm- 
tar in such a laanner lh» 
they may be taken apart il 
any time, if deeired, vrilk- 
breaking the {upe. C«- 
" ~ plaster of PMtt 
. allow of thii. k 
good form for the appui- 
tiis is shown in F^s. !1( 
and 2X1, where the piwa 
are made like common dnin- 
•ept that tlie arms of the Y and T joints are shorter, ia 
T to bring the transverse pipea siillicientlj near together, Thi 
pipes shonld be so larirp that either one alone woulil " 





olf the smoke were the re't closed Clean-out holes are made br 
jising a T loiat at the centrL of eaeh tranHieraa pipe with the opw- 
iQ^ turned toward the room When la use these pipes are dosed 
with earthenware eovera held m place with ]ii t enough bme mortic 
to keep them m and the air out Thej ma( then be ^gily removed. 
and Ihe flues cleaned with aft ordmary chimney brush or scraper 



k . 




Fig, 209. 

should be encaaeii by the inanufautiirer in u tin bo%, blackened on 
the inside with lamp or ivory black, and with an opening betow foi' 





Fie. 210. Fia, III. 

iho Bdmisaion of the colU air, and another above for the emission of 
ihe warm, otherwise the moat caretnl supervision will hardly snfficB 
In ensure correct settinj; by an onlinary mason, Kft VA.«vte «.■»&,'&. ^ 
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a furnace be used, it need onl v be a small one, eay a portable fumaoe 
of the smallest size, with a large eold-air box, to heat the hall or 
temper tlie fresh-air supply on festal occasions, when open fires are 
iuadmisBible. A much more convenient heater in tfai? cas« nould be 
steam-pipes connecting with a ctn bo d h rol of a 

special company or of the publio hk d 'w P pe because 

the amount of heat requirea would be comp ema 1, aly that 

actually used would have to be paid d gr fi ost, and 

the care of running a basement fu ac lu in a <, would 

be <liEpen'!ed with 

Where one has the audacity td gsof frrah bcat«n 
track as to omit the panelled o p a te ed th himney- 

breaat altogethi.r, the coniector ma be n ed el'a a adiator, 
and, in tlie attempt to treat it dec w fi is p aed for 

the pencd of the artist Its purfi amented 

at tiie junction' ( f fbt pipi -i li\ and the 




clean-out caps, may be treated as B placing 

strips of sheet-iron between the ur p d b d g he strips 

on the front edges to the right and h li air m be made 

to circulate completely around th p pe b he room. 

These strips, when heated througli bee ni h m od a org, and 

greatly add to the heating power of the device. This form of radi- 
ator was tried in the room referred to in the first chapter as ineffect- 
ually warmed by an ordinary open fire-place. As tnere descriljed, 
three kilograms at wood burned therein were able to raise its tem- 
|>erature but a single degree Centigrade. After the introduction of 
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the; radiiitoi', tlie room, standing at 40° (F.) itt the start, was healed 
in sisty miuutos W 105" (F.)i or about a dep'ee for every minute 
during which the wood was burned. It might nave been raised etill 
higher by burning wore wood. CoDtrary to what might be expected, 
the direct radiation of the elevated pipes upon the heads of the 
oc(:upant9 causes no discomfort. Nevertheless, ornamental soreena 
rising above tlic mantel-shelf may bo used to deflect the rays from 
the heads of those standing nearest the fire and from the clock or 
delicate mantel ornaments. Figs. 212 and 213 are intended to sag- 
gest methods of decorating the open radiat^jr. In the former the 




triangular form of iJie up]i«r li 

'*- ■ lUS upright pipes is CoUd-mu anu uu.oi,w.i. .ulu mc o..i".cuhc 

exposed as part of the design. The lower ead of the flue 
also shown at the top of t£e triangle. The slip-joint for 
ttie removal of the radiator is formed at this point. In the latter 
des^n the perforated panel containing the large arch and the cen- 
tral screen must be unscrewed before the radiator can be removed. 
Fig. 214 gives a section through this fire-place in order to show the 
manner in which the rays of heat from the (ire and llie radiator 
kbove distribute themselves throughout the room, The head of n 

EreoQ standing near the mantel is protected by the screen from the 
ttest rays of tlie radiator, whidi can only be felt at this point by 
raising the hand above the head. Persons standing at the middle 
and further end of the room are warmed all over equally by the 
rays from the Are and raiUatar both, and experience no greater 
warmth at the head than at the feet. Moreover, the rays are 
reflected from the opposite walls back again so as to strike the backs 
of all three when looking toward the fire. 
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n B uontinual supply o£ pure, and only pure, air. 

B nostrils fallows the general movemcDt, so that no portion if 




^pes ■)* 



haled. Fig. 215 gitw 

pUm o£ this radi&tdr due 

ing the horizDiitsl ppn 

and the intervening stiqi 

>,' > ' -^ of aheet^iron in secti* 

/' \ z'^-. ', The bent ends of the«Bf 

/ ■' '^z ^\ V _ for deflecting theearra* 

■' v' /■. ^\ "f air upon the fnmtar 

• faces of the rip( 

^^' aieo shown. The 

out caps in both these designs are ornamented Tfitb carviD 

gold. In 213 they follow the corve of the large arch. The ■ 

in both are circular in form ami riao from the centre of IhelM^ 
board of the mantel. In 213 it echoes the large areh sfaor^u' 
the outer edge bends slightly forward, a.' shown in section " 
allow more room for tlie heat ra^a to pass from the pipes. Sol« 
radiation is represented symbohcally in the painting of the fwV 
above the radiator. In Fig. 21B a screen of a different form, extarf 
ing across the entire front of the radiator, is given. Here again it 
genial rays of the sun are eonventionnlly represented extending ifi 
&10 entire upper part of the chimney-breast, the sun himself riidi 
at the centre of the arch. A still greater heating effect is obt*i» 
by throwing the radiator entirelY out into tlic room as in Fig. SI 
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But the difficiiity of the artistic handling is proportion all j- 
and the rough sketch is presented merely as a siiggestdon for 
opment under more oareiul stud)* or a more sHlfnl hand. Theu 
here surrounds the entire base of the radiator, and the upright b) 
unite at the top in a single flue wluuh may enter a second rs£Mr 
with or without a second fire-place directly above it in tbc irt 
Btory. The plan of this radiator is given in Fig, 218, and the; 
ment of the treah air and of the heal-raya is clearly indicMed ^ 
arrows and dotted lines. In all bnt one of the above designs, liun^ 
the majority of the chimnej'-breast is taken up by the radiator, 
certain amount of space is still left for picture hanrnng. 

It remains to determine the practical value of tJie distribiitunt 
fat as it is dependent upon its cost, for if the cost of mantifaclac 




instalment, and r 
of the ordinary fur 
pimjoses is valueless. 

The coat includes, first, that of manufacture and i._. 
second, that of management, and involves, of course, the c 



n of the e 



It of i 



I heating and ventilatin] 






Taking first the enclosed distributor we have as items of 

(1.) The distributor itself. 

(2.) The sheet-iron strips between the pipes. 

(3.) The tin casing. 

(4.) Tlie two dampers, lower and upper. 

(5.) The two register plates, lower and upper. 

(6.J The flagging to support the chimne^'-breast above. 

(7.) The hot-air fluea between the distributor in question Mildi 
rooms above. 

(8.) The panelled front of the chimney-breast. 

The cost varies with the size of the distributor, but the cost of >C 
size maybe easily calculated as follows; 

(].) The cost of the distributor depends upon its materiil H 
the form and extent of its heating surface. The best material is^ 
iron of the weight of 2S o/. per auunre foot (8 kilograms per tqU 
meter), or what is called No. 20 sheet-iron, of about a miUMetei 
thickness. The upright pipes may be made of common iron, it 
five ctg. a pound, or ten cts. a kilogram. The horizontal pipes sb< 



>pen 1 



rlaee. 



8 ^ 60.8 kilograms, 
i kilograms, 
), and the ci 



te made of the best bloom iron, at s&y twenty cts.' a kilogram. The 
Itest form for the digtribiitor is given ia Fig. 188. Here we have six 
fright round pipes 20 ceotimeters in diameter each and two meters 
ong, between two horizontal square pipes 25 centimeters on each side. 
rhe pipes are 1 centimeters apart. This makes the horizontal pipes 
1.80 meters lon^. The distributiir contains five conical dampers 15 
Kntimeters in diameter, and 20 centimeters on the side, made of the 
Hune thickness of common iron, and hung in place on two stout wires 
passing through the plane of the base at right angles with each other, 
ind one ordinary disk damper 20 centimeters in diameter, revolving 
fa an axis above the hinged panel, h) be operated from the room. 
The amount of iron in the six upright pipes is, then, 7.6 square 

That in the two horizontal pipes and their four ends ia 3.35 square 
neters. 

That in the five conical dampers is 0.32 square meters. 

That in the remaining dampers is 0.03 square meters. 

The weight of the upright pipes is, '' - ■■ - " "- " 
ind the cost would be £6. OH. 

The weight of the horizontal pipes 
ind the cost = 86.16. 

The weight of the dampers is 0.35 > 

Making a total cost of $12.52 for the material, or allowing for lap 
bold waste, say SIS.OO. 

' It t!ie weiglit of the iron were reduced to one-halt the above, the 
cost of the material would be 86.50. 

The distributor described, wonld be, however, unusually large. 
One two thirds the size would be more usual, and the cost would be 
||8.66 or S4.S3. Allowing for the labor of manufacturer (the esti- 
inate of the furnace maker by whom the apparatus was made), from 
ti.OO to 810.(10, according to the size and number ordered, we have 
» total cost of from 317.00 to S23.00 for the largest and heaviest dis- 
bributors, and from S8.33 to SU.33 for the smaller ones. Made of 
terra-cotta the largest size costs from S25.00 to S30,00 each, when 
iDoade singly. What the reduction would be where several were 
inade cannot yet be ascertained, but terra-cotta is, as said, only to 
})e recommended in exceptional cases. 

(2.) The live sheet-iron strips, 20 centimeters wide and 2 meters 
iong, would be worth $.80, or, with the labor of cutting the strips, say 
tl.OO. 

(3.) The tin casing should have a width of 1.80 meters, a height of 
8.70 flO centimeters clear space above and 10 centimeters below the 
iUstributor for the free circulation of the fresh air), and a depth of 35 
centimeters at the bothim and at the top where it surrounds the hor- 
izontal pipes, so as to give 5 centimeters free space on each side of 
these pipes for tlie circulation of the fresh air. Where it comes against 
'the perpendicular pipes the depth of the casing should be diminished 
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as to leave hut one centimeter between tlia perpen- 
dicular pijHis and the eidea of the casing. This forces the air to pSiSs be- 
tween the pipes and completely envelop each. Where uo tin casing 
ia used, the^e proportioDB should he given \o the masonry, so that 
it may direct the air in the same manner. It ia of the utmost im- 
portance that the form and dimensions specified for the envelope of 
the distributor should be carefully observed, otherwise a large part 
of the heat will be lost. 

Xhe amount of tin in the casiug will therefore be about 13 square 
meters, and the cost we may put now at about S15.00, painted on the 
iuEtde. Then for a distributor two thirds as large, the cost of the 
casing would be about Sll.OO. 

(4.) The two dampers with, frames and cords would cost about 
86.00. 

(5.) The two register plates (ordinary 
one 25 centimeters square and the upper 
centimeters wide, would coat SI. 20 and £6.00 respectively. 

(6.) Tlie flagging, as before stated, need not cost more thaa the 
ordinaryf orm of hearth. 

(7.) The bot-air dues connecting the hot-air chamber with the 3d 
and 4th stories will not exceed 12 meters in length, or £18.00 in cost. 

(8.) The panelled front of the chimney-breast ia more than offset 
in the saving in masonry, studding, lath and plaster, and papering, 

The total cost of the largest radiator and all its appurtenances for 
heating and ventilating four rooms would therefore bs S60.5O. Fot 
the ordlnar)- size (two thirds as large) theoutside cost would be S47.00. 

The labor of setting tlie above when the tin casing is used, is &a 
greater than that of building an ordinary flue including the bride 
Irimmer-arch. No pargeting is needed on the inside of tlie flue- 
Two of tht^c distributors, one at each end of the house, are eufficieut 
(with a stui c iu die basement for heating the hall and for festal ocCBr 
sums) for thoroughly heating ttnd ventilating a four-story cily honae, 
8 meters wide and :iO meters deep, in the manner already described. 

The cost of the two distributors, say one large and one GinBll,brang 
S107.00, add co»t of small portable furnace and ten feet of pipe for 
the ball (say S80.00) (price list for McGregor Portable Furnace No. 1, 
and ten feet of pipe, registers, etc.), and tiie total coat is S137.00. 

To do tlie same worlc with an ordinary basement McGregor Fur- 
nace woidd, according to maker's estimate, require a No. 5 FuntoOQ. 
Cost of No. 5 Portable Furnace per price list is $226.00. If a tOK^ 
stone furnace were used, the size, according to maker's estimata, 
required would be No. 36, of which the cost per price hat is £350.00. 
To this must be added the cost of piping and registers. Taking tbe 
same number and price of registers requiretl in the case of the di»- 
tributora, we have for these and the soapstone frames at the Ten 
least cost 827.00, allowing a minimum of 3 meters of pipe for hoH 
register ; 7 meters for front room 1st storj-; 7 meters for rear rooqu 
lat story; 11 meters for front room M story, 11 for rear room j 15 
for front room 3d story and 15 for rear room, 10 for front room 411) 
storv and 19 for rear room, we have a total of lOT mcicf? of tin pipe. 
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Estimating the value of this pipe at the same rate we did in the case 
of the distributors, we have $160.00. Add at least $50.00 for labor 
on furnace, piping and for double piping, collars, etc., and we have 
A total of $412.00 for the iron furnace work and $537.00 for the 
«oapstone furnace work, against $187.00 for distributors and small 
furnace. 

There will of course be other and incidental expenses, such as cold- 
air box, furnace smoke-pipes, gas-pipe ventilators, etc., but these will 
be the same in both cases or greatly in favor of the distributor, and 
need not therefore be considered. That the consideration of these 
would be in favor of the distributor will readily be seen when we 
recollect that both supply and exhaust-openings are included in the 
arrangements of the distributors, while, with the furnace, only supply- 
openings are estimated upon. The estimates of cost are in all cases 
taken from the price lists without ^consideration of discounts. Where 
the distributor is exposed as in Figures 212-217 the cost of decorat- 
ing the radiator may, for a corresponding degree of ornamental work, 
be taken as offset by the saving in omitting the hinged panel, so that 
the above figures may be taken as roughly to cover either kind. 

Such being the saving in the first cost, we have now to compare 
the cost of management in the two cases. The heating surface of 
the large distributor we found to be 11.60 square, meters. Add 1.4 
square meter for fire-place back and connecting-pipe, and we have 13 
square meters. 

The McGregor furnace No. 4 has, according to measurements, 9 
square meters of heating surface. No. 5 has about the same as the 
large distributor. 

The Soapstone furnace No. 18 has about 12 square meters ; Sanford's 
Challenge No. 40, about 9 square meters ; The Dunklee No. 8, about 10 
square meters ; The Peerless No. 16, about 8 square meters ; The Chilson 
N o. 8, about 6 square meters, all according to the writer's measurements. 
With the same amount of coal burned, therefore, a single distributor 
is capable of warming an equal amount of fresh air to the same 
extent with any of the above-mentioned furnaces. But since in the 
case of the distributor the fuel used is the same as that which sup- 
plies the open fires, while with the ordinary furnace other fuel is 
burned and seven eighths of that used in the open fire-places is lost, 
the annual saving in the former case is equal to about half the total 
cost of the fuel burned in the open fire-places used in connection with 
the basement furnace. A Boston coal-dealer, taking at random from 
his books twenty houses on the Back Bay of Boston supplied by him 
with fuel, found the average annual amount of furnace, range, and 
cannel coal (for open fire-places) consumed in each was 14, 15, and 
3 J tons respectively, which at a cost of $4.00, $5.00, and $14.00 re- 
spectively made $56.00 for the cost of furnace, $75.00 for the range, and 
$49.00 for the open fire-place. The use of the distributors would there- 
fore give us in each of these twenty houses an annual saving of say 
$25.00. Where, however, one of the distributors is used with the 
range-flue, we have an additional saving of say $32.00, making a total 
annual saving of $57.00, or more than enough in two years to pay 
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for the entire first cost of both distributors and their necessary ac- 
cessories. 

"The cost of fuel annually required in the United States for 
mechanical and manufacturing purposes, mainly for the generation of 
steam, cannot fall short of sixty millions of dollars. Estimating it at 
fifty millions, an invention or discovery which would save one fourth 
of this amount would increase the national wealth by twelve millions. 

TABLE XL 

Classification of Heatikg-Appabatus in Regard to Heating Effect. 

(See Smithsonian Reports, 1873, p. 308.) 



Forms of Apparatus. 



Ordinary Fire-Places 



Ventilating Fire-Places 



Common stoves 
without circu- 
lation of air. 



Cast-Iron, ) 
burning j 



Coal 
Coke 
Porcelain, burn- 
ing wood, slight- 
ly nealthful . 



Metal stoves, 
with circula- 
tion of air 
taken from 
the outside or 
inside. 



Model in use in 
schools in Paris 

with vertical 
pipes, Cliausse- 
not's model . 



Heaters w i t h f 
pipes for cir- j Horizontal 



culation 
hot air. 



of] Vertical 



Apparatus for 
circulation of 
hot water. 



When the pipes 
and radiators 
are very nu- 
merous, with 
large surface 
compared with 
that of the 
heater. 

Wlien the boiler, 
furnace, and all 
the radiators or 
pipes are con- 
tamed i n the 
place to be 
warmed. 






s 



fi « S 



10-12 
33-36 



90 
83 



87 

68 
93 



63 

80 



65-75 



85-90 



Remarks. 



Carry otf foul air, but do not di- 
rectly bring in fresh air. Effect of 
system healthful. 

Carry off foul air, and directly in- 
troduce moderately warmed fresh 
air. Healthful system of heating. 



Produce a very insufficient change 
of air. Unheal thful system. 



Do not produce sufficient change of 
air, and heat too much the air 
they introduce. Very injurious 
system of warming if pipes be of 
cast iron; slightly nealthful if of 
sheet iron. 

Cannot directly produce a sufficient 
removal of foul air, and in, gen- 
eral, supply overheated air, but 
may easily be modified so as to 
give out air at 86° or 104^. Sys- 
tem injurious when not com- 
bined with means of ventilation. 



Easily adapted for the establish- 
ment of regular direct ventilar- 
tion. 
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five hundred thousand dollars per annum. The cost of fuel for cul- 
inary purposes, warming dwellings, etc., is of course much greater.'*^ 

According to Table XI., taken from the Smithsonian Reports, we 
see that a metal stove with vertical pipes ' with circulation of air 
taken from the outside or inside, is capable of utilizing 93 per cent, 
of the heat generated by the fuel. The " distributor " is such a stove, 
and is therefore, following the authority quoted, able to save nearly 
all the heat of the fuel. In practice, however, such a result will 
rarely be obtained, and the greatest percentage reached by the writer 
with the distributor during the summer months has been a little 
under 80 per cent. In winter, when the air brought in contact with 
the pipes is much colder, a greater saving can be made, but no oppor- 
tunity has as yet been presented to make experiments in the winter, 
the apparatus suited for accurate test having been completed only in 
the spring of the present* year. 

The distributor is connected with the masonry of the fire-place by 
simply embedding its lower connecting pipe in mortar and brickwork 
for several courses. The expansion and contraction of the metal 
must then take place upwards. To allow of this, at the top, where 
the iron pipe rejoins the brick flue, it should be fitted into a piece 
of tin pipe half a meter long, with just room enough to slip in it when 
heated. The tin pipe should be firmly bedded in the brick flue with 
cement. The iron should enter the tin flue a distance at least equal 
to its own diameter. When the tin pipe rusts away, the smooth 
cement in which it was set will have become hard enough to take its 
place, and serve the same purpose. The tin pipe should be built in 
by the mason when the chimneys are built. Copper may be sub- 
stituted for tin where it is thought that the unprotected cement 
would be likely to be decomposed by the smoke and moisture. 

EFFECT ON THE DKAUGHT OF ABSTRACTION OF HEAT FROM 

THE FLUE. 

It may be asked, whether the utilization of the heat of the smoke- 
flue, by means of the distributor, would not injure the draught of the 
chimney in direct proportion to the amount of heat abstracted from 
the flue. 

The heat abstracted from the distributor is not lost by immediate 
dissipation in the outer air, as is the case with that taken from the 
surface of an ordinary flue of brick or iron, especially when exposed, 
but is at once returned again to the flue through the open fire-place, 
after warming the rooms of the house. The entire house becomes 
the chimney, the rooms, and outside walls forming, as it were, a kind 
of outside coating, and the heat is simply transferred from the outside 
to the inside of the flue, after passing through the rooms, or double 
coating, in its passage. Were the foul air removed from the house 
through independent flues, and from the ceilings of the various rooms 
to be ventilated, as is customary, the case would be different. We 

1 J. Jenkius's Improvements in Heating. 
12 
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have presupposed that the walls of the house are rendered u u 
pervious as may be to heat. This can, of course, be only pirta* 
accomplished, by vaulting the walls, doubling the windows, W 
plastering, etc. Even then, a certain amount of heat will be U 
through them, but the interior of the house will always be wsk 
than the exterior, and the draught in the chimney strons in prar 
tion to the excess. 

Even without this it is clear that the abstraction of the heit ili 
could not be sufficient to destroy the draught, because, if it weiti 
fire in any ordinary chunnev could ever be lighted without snobe 
since the brick flue has at the time of lighting received absolatehi 
heat from its own fire-place, and experience shows that, with pnwi 
constructed flues, the difference between the ordinary tempmtot 
the house and the exterior air is in winter sufficient to prodoR 
chimney draught of fifty or sixty meters a minute. Indeed, withfR 
chimneys a difference of one or two degrees is sufficient to Mod«i 
good initial draught. The friction against the smooth sides '"^ 
distributor slightly diminishes the rapidity of the current, but wk 
more than that in an ordinary chimney against the rou^h flue 
brickwork. ^' 

To illustrate the movement of the warm air currents formed 
heating and ventilating rooms by direct and indirect radiation, 
writer had a model of a house made of glass, wood and metal 
model was about .75 m. high, and contained three rooms wiA. 

places, and independent flues, as shoii 
section. Fig. 219. The glass sides were 
double at all openings to exclude the 
air. bmall oil lamps served as fires, 
smoke-flues were constructed of metal 
top to bottom, and passed throuc^h a i 
chamber just large enough to contwn ^ 
flues and aUow of a free circulation of 
about them when the fires were li«rhted. 
fresh air entered this chamber at°the U 
of the stack, was heated around the floes, 
then entered the various rooms througk 
isters in the chimney-breast near the aiU 
as indicated by the arrows. lliermoiDefei 
placed along the ceilings and floors of 
rooms showed a remarkable equality of temperature in diffe 
parts of each, with a gradual increase in ascendino- frnm tliP W 
to the highest room, and in all, as long as the firel we^ CZi 
anv one. ^ umu^ 

The movement of the currents could be followed with iht^ an^ 
accuracy by tin-ing the air with ammonia fumes, ffenerated^ 
nitric acid, or with the smoke of damp gunpowder iSnVfoT iTi 
the flues in the top and middle rooms were cold, o? stonned * 
corks, the hot-air currents in these two rooms were interrn^STnLw 
tilation was effected, and their temperature immediately ^^ too 




Fig. 219. 
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Upon uncorking openings at the Wp and sides of these rooms, the 
cuiTents again etarted thi-ough ttiem, but tlie air and lieat csciiped 
before it reached the lower parts of the rooms, nnd at these points 
the niercurj- remained nearly BtatioDar;:, showing clearly the folly of 
the common mode of exhaust ventilating at gr near the ceiling, ia 
winter. In order to make certain that the currents observed in the 
model were similar to those found in actual buildings, the following j 
experiment was made. Cold air, mnde visible by ih.^ smoke of damp I 
straw, was brought against, anil Jieated by, the distributor, and e 
tered the room through the upper register, as usual. The warm a 
acted prei^isely as described in the case of the furnace-flue, form- ■ 
ing regular strata at the top of the room, which descended as they I 
cooled, and passed out of the fire-place opening upon reaching its ■ 
level, but no part of it before. The experimenter waa able, by lying I 
down, to remain in the room until the smoke strata touched the floor,. I 
aft«r which the observations had to be made from the outside, through. J 
the glass panels of the door or window. The air colored by the smok 
was cooled before entering the distributor chamber, by Ijeing coi 
ducted under the snow in a fine ten meters long, in order that il 
movement should be determined solely by the heat of the distribut<»'. 
MTiere the warm air strata came in contact with the windows, the 
downward movement at these points was somewhat more rapid, bat 
the effect was produced only on a very small quantity of air immedi- 
ati^ly in contact with tbe glass, as the column rolled up by it, no heat I 
being given up by the air by radiation to the glass, so that tJie dis- I 
tortion of the layers was hardly perceptible, though the windows I 
were not double. It ia sometimes claimed that the warm air should | 
be dehvered on (he window, or eold side of the room, and the fou! a 
withdrawn on the opposite !iide, on the ground that by this means a I 
temperature more equal in different parts of the room can be pro- I 
duced. If the supply could be near tbe bottom of the room, under | 
the windows, and if at tbe sanio tima hot air were a radiator of heat, , 
this mi"ht be the case. But neither is tbe fact. The fresh a 
cannot be introduced at the bottom, because its entrance there would I 
be objectionable in. summer, spring, and fall, on account of the i 
draughts it would occasion, annoying and dangerous to those nearest 1 
its iulet, when the outer air introduced were cooler than tbe air of 
the room. Two supply-registers woidd be necessary, one below the 
windows for winter and one above for summer. 

Hot air is not a radiator of heat, any more than it is a receiver of 
radiant heat, whereas, on the contrary, the coolinw effect of window 
surfaces, as now construuted, is due rather to radiation, than to ' ~ ' 
admission of cold air. The mere passage of a column of warm ai 
front of these windows does not materially warm Uieui, nor in 
least obstruct the loss of heat by radiation from the occupants of the 
room to the cold glass. 

It is even claimed that there is a positive disadvantage even in 
winter, ia placing the supply under the windows, on account of the 
interruption to the regiilar flow of the air which would be occasioned 
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by the conflict between the rising column of warm air and the cool 
air falling: near the windows. The natural ventilatinoj currents would 
be disturbed, and the regularity and amount of air change would be 
correspondingly reduced. But such a theory would seem to be based 
on the supposition that the air moves in currents rather than in hori- 
zontal strata, whose gradual and uniform descent is little influenced 
by the conflict referred to. The two opposing currents near the 'win- 
dows would rather tend in part to neutralize each other, and the cold 
air entering through window cracks, however small in amount, might 
still be annoying were it not tempered by mixture with a portion of 
the incoming warm air. So tempered, its baleful influence at the floor 
level would in a measure be prevented. ^ 

Nevertheless, this advantage is not suflicient, in well built and tiorhtlv 
fitted rooms, to compensate for the extra expense and loss of carrying 
the warm air flues to the outer walls of the house. This is usually con- 
siderable, because the heat generator is as a rule in the middle of the 
building. If two supply-registers were used, one above for summer, 
and one below for winter, the first cost would be still greater, and the 
difficulty of management, and the consequent liability to neglect, 
would be an important objection. The arrangement would lose the ad- 
vantage of automatic action. Were the room warmed bv direct radia- 
tion, the case would be different. A direct heat-radiator placed under 
the windows would radiate heat on the one hand to the occupants of 
the room, and on the other to the windows, and more than compensate 
for the return radiation to the windows from the occupants. 

For the same reason fire-places, being also direct radiators, when 
built on the outer walls, especially under windows, have an advantao-e 
frequently lost sight of. Where it is thought necessary to provide 
for a supply of fresh air in spring or autumn, for days when the out- 
side air is too cool to allow of opening the windows, and yet not cold 
enough to require artificial heating, an exhaust register should be 
provided at the top as well as at the bottom. 

Where open fires .are not used, if it were possible to maintain the 
walls of the room at a temperature higher than that of the fresh air 
from the furnace flues, a greater degree of healthfulness and comfort 

1 The cooling action of the windows and walls is hy no means ** the sole re- 
liance in all self-acting or automatic heating- apparatus." It is not a reliance at 
all, but rather a hindrance. The ventilation with such apparatus is determined 
by the height of the hot-air and exhaust tines, and the warmth or levity of the 
column of air they contain, as overbalanced by the density of the corresponding 
cold-air column of the exterior, and is ovly arighthj influenced by local currents 
in any room. The velocity of movement of the warmer column is retarded in 
proportion as it is cooled by the walls of the various rooms through which it is 
conducted in its passage. The room of a house must be taken as merely a local 
enlargement of the warm-air flue, in passing through which enlargement air 
is cooled, and its velocity retarded in proportion to the thinness, porosity and 
conductibility of the walls. To show the truth of this, we will suppose the walls 
of our room to be artittcially cooled below tlie temperature of the outer air to 
such a degree that tlie warm air from the flue coming in contact with them is 
cooled until the levity of the warm-air column is no greater than that of the 
exterior. Stagnati(m would clearly be the result. Artificially heat, however the 
outer walls, and notwithstanding the friction induced by irregular and conflicting 
local currents, the velocity of the entire column would be increased in proportion 
to the amount of heat imparted by the heated walls. 
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tan Iv oc I ed tl e pr nc [ le of the 
u e of mple metal flues b le ) j > le aa 1 
luatratAd b) llie model mivboenpio edmost 
adTantageouslj 'h g 220 g es a tect on of 
s cb a hin ney for a 1 brarv bu Idtng de- 
signed bv the wr ter The plans show jan 
tor B quarters m (he baseu ent two mezzaa ne 
stor ea tbe e ver by tl e « de of a lecture hall, 
two more correspoodiog to the library above, 
and an attic over all. All there small apart- 
ments have open fireplaces except that in 
the basement, in which is the range. 

The flues of tlie range, first, secund, third, 
and fourth story fire-places are shown eon- 
BtTUcted of sheet-iron, standing free in the 
freah-air chamber formed by tlie walls of 
tbe chimney as in tlte mwlel. This air-cham- 
ber ia in each story entirely independent of 
the others, being separated by horizontal plat- 
forms of brifk or flagging through which t3ie 
iron flues pass. These platforms bind tlie 
front and rear walla of tbe chimney together, 
and prevent the warm air from rising immedi- 
ately to the top of llie ohimney. They also 
serve to prevent thepassace of sound from one 
story to another. Eaub fresh-air chamber is 
supplied with fresh air by an independent flue, 
which draws its air from an air-box of brick in 
the banement. These supply-flues are shown 




t the left-hand side 
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of the stack. They do not incTCUse the width of the stack because 
tliey duoinish in number in eacli story as the smoke-flues Increase, 
and, therefore, oecupy only waste spatre, and are actually oeceseary 
to serve as withea to strengthtn tlie lower half of the chimney. In. 
short, they take the place of the lower ends of the ordinary brick 
smokfr-fioea. • 

In summer the valve Bhown nt the top ot the fourth story is 
opened, iind tlie fresh-air box at the bottom is closed. The rajige 
he.aC then passes ofi without heating the wall.i, and produces a venti- 
lating current through the entire stack. The eshaust then takes 
place at the top of the rooms through the register used ia winter for 

O supply, and the fresh air is furuished througli the open 
fire-places, or window oiieninga to take its place, every 
current being thus reversed throughout the entire seriea c^ 
rooms, by the turning of a single register in the attic once 
Oio the spring. 
Where the iron smoke-ilues pass through the platforms 
f; 221 "^ mnsonry shown in the figure, at tiie level of each floor, 
short pieces of tin pipe, slightly larger than the flues, are 
eucased in the masonry to make the joint, as shown inFig. 221. 

In tills manner but little air escapes. What passes up from one 
air-chamber to another, is utilized in the latter, and the loss is con- 
fined to that which escapes through the upper junctions. This may 
be made inappreciable. There is no object in connecting the super- 
imposed air-chambers one with another with valves to allow the 
whole, or part of the air warmed against the lower halves of the 
flues, to pass up to the chambers above, when not required below, 
because the heat which would have been abatracled by the fresh air 
below is carried up in the smoke, and given out to the fresh air above 
instead, and tlie first cost and ooniplicati<m in management of the 
several dampers is avoided. Moreover, less heat is lost by absorp- 
tion in the masonry. 

By this arrangement no communication of Kound from story to 
story is possible, as is often the case with furnace Sues ; the sound 
passing from one rooni down the flue to the furnace, and up again 
tlirough other flues to other rooms, so tlmt to those 
standing near the registers soands from all over tJie 
house are repealed. 

Nevertheless, if for any purpose it is found desirable 
to connect the air-chambers together, a valve like that 
shown in Fig. 222 mav he used to best advantage. The 
three flues at the riglit, are fresh-air supply-flues, and 
on the left are the fresh-air chambers containing the iron 
smoke-flues, or distributors, not shown in the drawing. 
Supposing the lower register to he for the hotrau- sup- 
ply of the dining-room, and the one above for the parlor, 
upon leaving the dining-room for the parlor, the hole in 
the platform forming the passage between the lower 
and npper air-chamber may he opened, more or less, by slidiuD' the 
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valve to the' right. The warm air then passes up into the upper 
air-chamber and thence into the parlor, or into rooms above i£ de- 
Bired. This damper is also nseu to temper the incoming fresh air. 
With an ordinary register, if the incoming air lie too warm or too 
cold, tlie only way is to cloae it, in whole or in part. But by 
this method tie ventilation is at the same time in whole or in part 
cut o£E. The valve under consideration, however, enables the tem- 
perature to be regulated without affecting the ventilation. Should 
the air from the fresh-iur chamber be too warm, the valve ia moved 

Eart way to the right. Fart of the hot air then rises into the cham- 
er aixive, while exactly the same amount of cool air enters from the 
cold-air flue, and mixea with the remainder of iJie hot air, aa it 
eaters the room through one and the same register face. The regis- 
ter face ia shown in Fig. 223. The handle of the sliding damper is 
ahown in the upper part. That of the register proper ^^^^^^ 
below. If cold air only is wanted the damper is moved j^^gM 
entirely to tiie right, and ali the hot air passes up above. ^^^^ 
When the room is left empty as in the case of a dining- [lawiai'Mii 
room after tlie feast, and neither heat nor ventilation p. ^^j 
is wanted, the valve is pushed entirely to the right, and 
the register proper is closed. When but little ventilation is wanted, 
the register is closed partially, more or less according to the amount. 
The various iron flues above described may be constructed of short 
pieces, the upper pieces always fitting intiide the next below. Ce- 
ment is hardly necessary, as ^e joints will soon cement themselves 
with iron oxide and soot. Any section may be removed, anil replaced 
through the hinged panels by hammering and cutting the joints 
with shears. 

The top of the chimney should be protected from the rain by flag- 
ging, or by ventilating caps where it is desirable that the wind should 
be uiade to improve the drauifbt. These ventilators should not be 
letal which is rapidly destroyed bv dampness, but rather 
. The most eflVl-iiv,., niul -hi,iili>r.t form is tlie ordi- 
y Emerson chiiiiiii-.i-i:i|i. m- (In- V-.m Noorden, Fig. 224, 
which is similar to llif Kiiiiji'-iiii, i\i-E'pt that the under side 
of the cover is fi)niii.'d i.f :iii iin.rti'd cone, instead of a 
plane. When the wind striiies the top of these caps an 
upward current, strong in proportion to the strength and 
f the wind, is induced in the flues with unerring 
certainly. No chimney-tap yet invented is able to do 
more than these, or to prevent the chimney from smok- 
ing under certain conditions, as when the top is sur- 
: i-ounded by air condensed by pressure, while the air below 
. is in its normal com! ition. This happens when a chimney 
stands near an object higher than itself. A stivng gust of 
■■ wind may without touching the chimney itself strike this 

object, and by its pressure, so condense the air below as to drive it 
down the mouth of the chimney and in every other direction where 
'sd. The ^mple Emerson or Van Noorden ven- 



made of n 



'iu 



ffie Vpen ffre^ 



1 1 1 n 


n I f 


Ll ai le tl aliTinl. imlike tli« 
o iijilii-aled and un- 


^^^^^fl^^^H 


HHHIH 




gi my patent (.-mm- 
na "eutaM and de- 


^^^^l^^^^^^l 


^^^^^^H 




ig^^^^lJ^^^^^H 


^^^^^^H 


n, forms a per- 








tiant ornament to 








1 c edifice, Sot is 


^K^^^^pS^^^^B 


Iw V^l 




a cliininey-cap able 








o prevent a chiiu^ 


^hH^h^^HBH 


ft ^H 




n - from smnking 








!ir tlie conditions 


|H^^^HBB|ffiSi 


9 B 




11 slraied bj- the 








1 _■. L':i,-,. The upper 
i]i i^ ilssed tight 


H^H JwliiiiiiiiiyliiiL 


III ' ll lllfl 






M 11 1 1 IH 




nn I nil provbiun is 


1^1 HlHs 


III III 




n dii tor the anp^y 
air Lo take Uw 








111 n: i.f tJiat awsCBd- 








Uie cliimney. 




9 p 1 iH 




1 1 e I'old-air Hiipnljr 


^^B MH^H 






11 therefore d&- 
ud the thimaey in 
vf?, as shown, iu 


B^p^^^^j 


^Hi^H 










1 le of tlie "Ten- 


|H|pi ^^^S^^H 


^^^^^^H 




1 tor " at the top 








vniranted t« cure 


HIBMim 


H^l 




)kiii;; in every 
cast-," and will paft 








into the rotiin Hud 


i^^^l^^l 


H^^H 




bring smoke along 
with it. Nor wifl 


F' EiB 






anv cbinney cup- 






pre t in gua 


d h CO (i ti ill t 


at tt 1 w 


p t f tl fie re Tie 


1 w w d 


1 ] !1 t 


ii 1 tth 


t p ^Ml ti t* 

wt h W 


1 


1 ] 1 


1 


1 1 tl 


I m f th f 


in 1 1 


11 11 


tliat,if tL b 1 I 




1 1 1 


w d 1 to> f 1 




1 tl cap 


th »ll 1 d 1 


1 n 


d t k when 


<i h t ] It d d 


1 f 


h w t f 1 Ibnom 


If ffi t Id h 


ppl d lu- tl 


f TO th d W th Brf, 


te B 1 p d 


t t 1 


k h 1 111 r^ 


t h I t h p 1 


tl oc 1 t 


wh se 1 g w 11 be b thed 


fipd 











air-supplies, as sihon-n in the left-hand side of the lower room, through 
an opening beliind its ba<;k. The fresh warm air is here, as usiiiil, 
represented as entering the room at the ceiling. The movciiicnt o£ 
the air in strata of varioua degrees of wai-mth is represented by 
various degrees of shading. 



The following simple arrangement for the improvement of the 
range-flue in dwelling-houses haa frequently been tried bj- the writer 
with success! tlie jiarticular 
form illustrated by the figur 
226 having been adopted in 
wooden cottage built by liii 
at Nahant during the present 
year. The ilue pr 
atructed of tile, an 
is built an ordinary 
leaving 
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iust,both ventilal 



foul air 

the lieat of the range-dt 

in winter as a warm-ai 

ply. In the ceiling of tlie 

upper bed-chaoiber a b e n 

pipe contiiiaing a damper i 

constructed as shown, thi 

damper register-faces being f 

in the ei'iliiig close up to the 

chimney-breast. The tlue in thU case stan 

rooms. The right-hand valve is shown ckis 

manner in which the flue acts as a fresh-air s 

valve is shown open and the flue acting as an 

troublesome heat of the range from the walla. 
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ichauat, removing the 
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The Open Fire-Place. 
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DECORATIVE TREATMENT Of TOE ' 

Like the open fire-place regarded from 
Tentilating register, index of the popular feelinj^ 
reniaioe, from an artiatio point of view, in a worse than primitive 
state of rttdenesB. Its design is left to the care of the furnace- 
maker and foundry-man. The artist appears to consider it generally 
unworthy of his notice in the decorative treatment of the room. It 
16 put in anywliere, in an obscure corner if possible, and painted 

tliat is taken of it in the usual buildiai; Bpecilicatbn is a wholesale 

summary of sizes for the several ri 

of the human frame given so little a 

ply of fresh air, throwing them in 

ing every opening with a casting 

indifferent deitign and color, we should have lost the feature i 

prominent in giving the wonderful power of ever-varying e 

the distinguishing characteristic of human beauty. If an 

care were given to each object correeponding to its importance, t 

ventilating register would no longer stand at the foot of the hst. ] 

No time spent in elaborating its design would be considered waste*' 

and solid gold would scarcely appear too costly for its material. 

After so much of a peroratiun, alliiiiion to the following i 
amplcs should only be made, protected by the knowledge that ev 
failure in an attempt made in the right direction is better than I 
no attempt at all. Fi^s. 203, 208, and 209, give three methods I 
of treatmg the registers in cut brass. Fig. 227 shows the effect o£ f 
three square registers of brass, fire-gilt, over a fire-plac 
parlorot the Hotel Cluny, Boston, and Fig. 228 of three larger regis- 
ters over the side~board of the house on Marlboro' street referred to 
in connection with Figs. 203 and 209. The fresh-air is in this case 
■warmed by an iron range-flue behind the breast of the fire-place, of 
mdin^ design, opposite this side-board. It is conducted 
Qeiling in tin Sues shown in section in the beams over the 
> the right and k'ft. By this means the china-closec 
ind the side-board may also be vrnrmed by tlie same dues. 



Had Nature, ii 

to the inlets for the sup- 



nd, I 



correspondi 



Having found that it is no longer necessary to throw away ni 
tenths of the heat generated by the consumption of our fuel, we may 1 
now reasonably interest ourselves in the one tenth unconsumed; 
namely, that wliich escapes in the form of smoke. In reviewing the 
various forms of smoke-con su mi ng fire-])lacei hitherto invented, the 
bust for modern purposes, all things considered, seems to be that of I 
Touet^hambor (Figs. 42 and 43). But, in this, the two upper open- 
ings to the flue are not well placed either for appearance or for use. 
It would he better to adopt here the ordinary long and narrow chim- 
ney-throat at the top of the fire. In other respects the form of the 
' ,t of course the fresh-air 



fire-place might ri 



1 as it is, except, that o 
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^WBbeliind, forming no necessary pari of the device, maybe omitled, 
placed abure tbe mantel in tbe form of a distributor. When tbe 
i is first lighted tbe upper outlet may be opened if necessary by 
lOns of a simple damper, arranged to operate easily from tbe front 
tbe oiiintel after the principle of that abotcn In Fig. 83. £ut if 
^—.J draught is good this may always remain closed, and tbe smoke 
ill then pass out behind and below the coals and be consumed in its 
«sage. Sueb a. form of smoke-consnniing fire-place baa tbe great 
Ivant^e of being simple, and practically automatic. The tower 
itlet is always open ready for use, and with a good draught tbe 
pper one need never be opened, or it may be left partially open, 
— "-h for tbe first moments when tbe beat of the fire and flue If 



leble, but not enough to carry off tlie products of full combustion. 
^cb will then find their outlet cliiofly through the lower opening. 

LARGE FIRE-PLACES. 
"When some admirer of tbe manners and customs of the olden time 
earns for the colossal proportions of the mediaival fire-iilace to pro- 
uce in hiH modern cottage the effeet of the baronial hall, he does it 
itb heroic indifference to personal comfort, believing that the use 
! such a fire-place necessarily implies blackening bis timbered eeil- 
iga and tapestried walls with smoke, at tbe least provocation. 
3iit tills annoyance is quite unnecessary. With proper construc- 
tm one way be assurt-d of a good draugbt at all times, even when 
iut small quantities of fuel are iinrncd in the fire-place. The peculiar 
lonstruction necessary to secure this result is as follows : We will 
appose the fire-place to be two meters square. In tbe first place the 
4iimney-fluB sliould be of tbe proper si^e in proportion to the open- 
ng, to allow of a free passage of die products of combustion ana the 
iccoinpanying air. The top of the chimney should be surmounted 
i Van Noorden ventilator. A portion of the back o( the fire- 
il.iec <lniiiM hf recessed slightly, so as to form a smaller shallow iire- 
Ipliiii' V. itliin III!.' liir^'e one, A recess similar in form to this is some- 
! i.inii"i li'i'iiinl ill fill.* backs of mediieval lire-placeB to receive an or- 
i:il ^l;lb i':ii\ed with heraldic or oUier devices. The small 
iL-e [hen ba,s its own independent ehimney-throat and flue coo- 
;; with tbe main llm- atiiivi> l.lic- luvel of the top of the larger 
Sre-place. A damper (.|.iT:i(r.| likrilial fliown in Figa, 69, 71, 80, or 
■ ' "' 'n the tlii-.i;ii iif rill.' I;ul;it lire-place, so that it may be 
Imi a siu.ill liii' i.~ \v:i[iii-i|, iinil uie lower chimney-throat 
.] ulili I. IT I r) rmly is in use. An improved form of 
i- tlie resnlt. The appearance of tbe 
.■ I I- sliown in Fig 229, designed for the 

:. I..; indto. This recess in the back of the 

II' iniii I.I- iii:iilc :i[i m-iiniiitntal feature, but when a fire 
,Ur {:„■■.■ ..ur |.i-„["ifii.iii;Ui? lo its size, the recess will be 
III' lin- Mill! lui-1. An luvliiid alcove at the end of the 
i-iii[i>-i"- l>i>ili (mi-^)Ijici"^. and forms a retired and shel- 
li>;liled Ijj «iiiiluws at tlie right and left, for the t-st- 
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■e oE readers. The Ftnall fire-place is .80 meters, the lai-ge 1.80 
meters, and ibe alcove 3 meters hi^li to the springiDg of the arcfa. 
The depth ot the nleove ia two meter*. The large fire-place is oaa 
meter, and the small .33 meters deep, decorated with a carved slab 
of terrarcotta at ttie hack. The entire floor of the alcove is tiled, 
forming a large hearth for both flre-placcs. Thu alcove is enlirelj- 
tonstnicteil iif sloiie. [iichnlins the fciilpliircd arch. The fire-places 




The frontispiece (reprinted on the cover) gives another illustra- 
tion of this arrangement, with a fire burning in the large fire place. 
Ventilating Rematers are ahowti above, extending across the entire 
front of the chimner-hreaBt. Thus by using a distributor witli b 
large old-fashioned (ire-place construeted in tliis manner, both dan- 
gerous draushts and liability to smoke are avoided, while all the ad- 
vantages enjoyed by our forefathers are retained. 

COilB OF SMWKV CHIMNEYS. 
It is customary for the public to imagine that the certain cure o£ 
the smoking of chimneys surpasses the capability of the average in- 
tellect, that the causes are legion, shrouded in impenetrable mystery. 
The reason for tliis belief is that in nine cases out oE ten no systematio 
method is followed to discover the cause, and the citre ia often difficult 
to apply. The simplest and mo^t natural method is to tabulate a list 
of all the possible causes of smoke arranged in the order of eaeiest- 
detection, and with this in hand to examine the ohimney thoroughly 
for each defect in succession. In some cases the fault is in open 
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sight, and the cure is simple and close at hand. In others important 
demolitions will be necessary to discover it, and still more expensive 
reparations to effect its cure. Therefore, in making our list the de- 
fects easiest to see should come first in order, so that no unnecessary 
expense may be incurred. 

(1.) The subject of inquiry which should first occupy us, as being 
the one most easily answered, concerns the supply of air necessary to 
furnish the draught. The opening or openings for the supply of air 
to the room should be as large in area as those for the exhaust, in- 
cluding both fire-place, smoke-flue, and all special exhaust veii- 
tilating-flues. If this precaution be not taken the result will be as 
shown in Fig. 225. One chimney is said to " overpower " another 
when both are built in the same room or in rooms adjoining and in- 
sufficient fresh-air supply is provided. When the doors separating 
these rooms from the hall or other rooms are closed, the hotter flue 
will overpower the cooler and draw from it its supply of air, bringing 
the smoke with it. The action of the overpowering chimney is ex- 
actly the same with that of the tower in Fig. 225. Even the range- 
flue or the flue of some fire-place in the house quite remote have been 
known to overpower all the other flues in the house from this cause. 

In order to make certain whether or not the want of a sufficient 
supply of fresh air is the true and only cause of the smoking, it is 
only necessary to open a door or window in such a manner as to 
admit the required amount of the air without allowing it to blow on 
the fire in gusts. 

To cure this defect, furnish a supply of air as large as the exhaust. 
This maybe done (a) by bringing outer air into the room through some 
kind of ventilator over the windows, or in the cornice, which may be 
perforated all round and so arranged as to admit the air in a thin film 
along all the four sides ; (6) by carrying a hot-air flue from the 
furnace to the room, or (c) by building a ventilating fire-place in 
place of the old one. 

(2.) The position of a door in a room, when standing at certain 
angles may, by allowing draughts to strike across the fire, be such 
as to drive the smoke into the room. 

The cure is to hinge the door on the opposite side of its frame, or 
to provide proper fire screens. 

(3.) The size of the smoke-flue is too small, or too large for that 
of the fire-place. A flue too small will not allow of free passage of 
the products of combustion. One too large allows its movement to 
be too sluggish, and less able to resist any unfavorable influence, and 
gives opportunity for troublesome eddies. The flue should be some- 
what larger than the throat to allow for clogging by soot, friction 
against its walls, the disadvantageous form of its section (the circular, 
or best section being seldom practicable), and for the bends mofe or 
less abrupt in its course. Koughly speaking, a brick flue of the 
usual form should have a sectional area equal to ^ of the size of 
the fire-place opening. For a round iron flue -^ would be sufficient. 
More accurate formulae could be, and have been given, but such for- 
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mulae are usually too complicated, and too difficult of application to 
be of any service to the general public. According to our rule a 
small fire-place .80 meters wide and .75 meters high (32 by 30 inches) 
would require a brick flue of 600 s(|uare centimeters in sectional 
area, which is equivalent to an ordinary 8 by 12 inch flue. A large 
fire-place of one meter square should have a brick flue of 1,000 square 
centimeters area, equivalent to a little over 144 square inches, or an 
ordinary 12 by 12 inch flue. A very large fire-place of two meters 
wide by one meter high would have a flue, say 40 by 50 centimeters, 
or 12 by 24 inches, and an old-fashioned fire-place of extraordinary 
size', say two meters high and two meters wide, or large enough to 
contain a dozen tall men standing, or " to roast an ox whole," should 
have a flue of 400 scjuare centimeters, or one foot by three feet. 
Such a fire-place and flue built for use at the present day would have 
to be constructed in the manner shown in Fig. 224, to ensure a good 
draught under all circumstances. To ascertain the size of the flue, 
measure it at the top or just above the throat. 

Generally the only cure for a flue too small is to diminish the size 
of the fire-place to correspond. To enlarge the flue is usually too 
serious an undertaking to be attempted. 

For a flue too large, a defect seldom met with, and one little likely 
to cause inconvenience if the throat be of the proper size, the simplest 
treatment is to increase the height of the chimney, and top out with 
a Van Noorden ventilator ; but the best method is to make a virtue 
of necessity, and, by introducing within the large flue a smaller one 
of tile or sheet-iron, to construct a ventilatinjj flue on the Dougrlas 
Galton principle, as already described, and utilize the heat of the 
smoke in heating and ventilating the house. Either a tile or an iron 
flue may be easily lowered into the large flue, cementing the pieces 
one to the other as they are lowered, and connecting the lowest joint 
with the fire-place with masonry. To make the lower connection an 
opening may have to be made in the chimney-breast above the mantel. 
The ventilating openings and details of the construction have already 
been described. 

(4.) The chimney-throat is too large, allowing an unnecessary 
amount of cold air from the room to enter the flue along with the 
products of combustion. By this the column of air becomes cooled, 
and its movement consecjuently sluggish. Measure first the size of 
the throat and see how far it varies from the rule we have estab- 
lished, then test the effect of diminishing the throat temporarily with 
dry bricks or other non-combustible materials. 

The cure is to brick up the chimney-throat so as to give it a sec- 
tional area ecjual to one-twelfth of the area of the fire-})lace openiuo-, 
and the shape shown in, and described in connection with, Fig. 52. 

(5.) The throat is too small to admit freely the products of com- 
bustion. 

The cure may then be effected by diminishing the size either of the 
fire-place itself, by relining its back and sides, or of its opening by 
means of sliding blowers, or new facing. If there are objections to 
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diminishing the fire-place, iDcreaae the size of the throat. First 
uicaeure the throat and fire-place to ascertain as hefure the amount 
of diminution of fire-place, or of enlargement of throat tiecessnry, 
then test the effect of diminishing the size of the fire-place opening 
with card-board, or of removing bricks, one by one from the throat. 

(S.) The air in an unused chimney may, when the temperature of the 
outer air becomes, for a time, wai'mer tiian that in the nouae, sink in 
the diimney until the equilibrium ia restored. la so doing the smoke 
from an a^ljaceut flue may be drawn down witli the reversed iiir- 
current. The only remedy is to cloae the fire-plaee with a dam[>er as 
long as it remains unused, unless it is found that the flue mav bg 
raised in height without injury to the draught of the adjacent tiues. 

(7.) The length of the smoke-flue may be less or more than is suffi- 
cient or desiraWe. It the flue be too short the difierence of weight 
of the column of smoke and the exterior air column will be in)«uflicieiit 
to produce a movement of the requisite velocity or strength. 

If the flue be too long compared with the size of the fire, tlie loss 
of heat and the friction against its sides may reduce the velocitj' to 
too great an extent, though this is a cause rttrely met with. 

The euro for the former is to lengthen the chimney, and for both to 
diminish the size of the fire-place and its throat so as to cause less 
cool air to enter the flue. 

(S.) The flue of one fire-place entering that of another sometimes 
leads to the cooling of the hot current by the air from the fire-place 
not in use, to such an extent ns to destrc^ the power uf the draught. 

The fact of whether or not the flue of one fire-place enters that of 
another may be ascertained at the clumney-top by means of smoke 
made successively in each fire-place, and tlie effect of one flue enter- 
ing another mav be learned by closing each fire-place successivelj' 
while the other is in use. 

The cure ia to build another flue ; or if this be impracticable, to 
close one fire-place by means of a damper in the throat while the 

(9.) A sudilen bend in tlie flue especially near the fire-place throat 
may cause tlie smoke to rebound into the room. The presence and 
position of such a t>end may be ascertained by means of a weight 
tied to a string and dropt>ed down tlie flue. 

The cure is either to diminish the fire-place or straighten the flue 
by rebuilding. 

(10.) Bricks, mortar, vermin, or other obstructions mav have become 
deposited in the flue. Rats and birds sometimes build obstructions 
in flues long unused. 

Ascertain the position of the obstructions with weight and cord. 
If a bend in the flue prevents examination in this way, the flue must 
he opened below the bend and the wuight dropped from this opening. 

The obstruction, when discovered, if it cannot be raised with a 
hook from above, may be removed either by firing the cliimney, or by 
opening it at the point where the obstruction occurs. 

(11.) A wind passing horizontally over the top of a chimney may 
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(la.l The chininey-top is comiuiindud bv Uglier buildiugs .. 

The ftir (;ondeaBe*l by a gust of wind falling against these higher 
obiectB deBceods the chimney iu expanding or rebounding. 

The only cure 19 to rain: the flue beyond the influence of the com- 
manding eurfacea. 

Ko bonnets, cowls, or patent ventilators can prevent this except in 
so far as they inereitse the hek;ht of the flue ; because no such device 
can prevent the expansion of compressed air in every diregtion i 
yrfaich a free opening is left for its passage. 

Jt is no small source of comfort to the architect to feel that every 
evil to which chimneys are heirs can be cured without recourse to the 
patent cowls and ventilators hy which the summits of so majiy o£ 
our nobleit buildings are disflgured; "M>me looking like Dutch ovena 
come up to see the world, some like half-sections of sugar loRvtM) 
some like capital H's, and sundry other pleneing objects." SolM 
looking like a pile of inverted milk cans laid out on the roof for an 
airing, sou>e radiadng in every direction long arms, and flouriahing 
them about like demons clutehino; for prey, or armed with wings gyraS- 
ing with terrible euer^y and clamor in squally weather, and when 
the pivot becomes a little rusty. These "seem perpetually whizzing 
round for the mere fun of the thing, since any gouil they do fa 
extremely apt to escape dtteclion." 

The Archimedinn Screw ventilator is designed to ic'md up, a^ <£( 
were, <.)ic iiii' aud smoke from below; but it also acts ub an impei^ 
mt'nl in calm weather, and, when rusty, in all weathers. A peculiu^ 
liidcous monster frowns upon the writer through his olfice windMfP 
from the roof of a neighboring shed. It resembles a huge cuttl^ 
flsh with an awkward writhing body, aud a hundred eyes cover£|i 
the whole siu'faee of the main trunk and head in the form of IsMH 
lenses, designed to concentrate the heat of the sun and throw it Qm 
the flue. The idea is ingenious, but the efiect produced, t^miiu 
striking enough to dismay the beholder without, is inappreciaibleitt 
the owner wi^n. Though but lately built, and tlioogh braced tW 
ctamped with plenty of iron stays, it has already a battered WU. 
miserable appearance, und seems destined ratlicr to provoke th&n t)^ 
appease the wrath of the elements. 

"In casting one's eye down the long streets of a smoky city,^ 
taking a surrey of the roofs and their tormented chimueys, the^i&r- ' 
finity of other contrivances is so great that it ia scarcely a poetjtoal 
hyperbole to say our pen starts hnek from it. Here is patent ttlHW 
patent, scheme after selieme, each doing its bent, no doubt, to obtau 
themaatery over that simple thing — smoke; and each with a degree ^ 
success of a very hopeless amount. There appears to me sometliins, 
intensely ludicrous in these struggles against what seems to be ^tL 
absurd, but invincible foe; the very element of whose success aga^^ 
us lies in our not strangling him in his birth. Many obstacles ore ia 
the way, no doubt ; tltere are obstacles in the way of every g 



but I have little iloiibt, that. lia<I the perverted intreuuity which has 
raiBEpent itself upon the chimney-pots been directed to the fire-place, 
we mi^t have now had a different tale to tell. The smolce nuisance 
is laughed at as a minor evil, by a great practical people tike our- 
selves, who heroically make np our minds to put up with it ; but when 
it is considered as an item in the comfurt, cleanliness, and health of n 
whole nation, it assumes, or should assume, a different position.^ 

The simple Emerson Ventilator, or the late Van Noorden improve- 
niKnt on the same, when huilt of durable materials, serves to adorn 
rather than to disfigure the building. When several flues side by 
side are topped with these ventilators, cnrt^ should be taken to have 
their mouths or imoke- outlets on the same keel, to avoid injury by 
one to the draught of another. To relieve the monotony and pro- 
duce a pictare»que effect, the form of the caps may then be varied to 
any extent desirable. 

Fij;. 230 represents the narrow or entrance front of the Librnry 
Building already described in connection with Figs. 220 and 239. 
The effect of a row of eight of these terra-ootta chimney tops with 
turned shafts is seen in the central chimney. T'he tower chimney is 
treated as a prominent feature and richly decorated with sculpture. 
Fig. 231 (one of several designs for tlie extension of an old country 
bouse shown io the upper coi'ner) gives the effi^ct of a chimney 
surniDunted with t«rra-catta tops of the same height, showing the 
manner in which the monotony may be relieved, antl the centr^ top 
made to appear higher and more prominent than the rest, by tim[Jy 
varying the form and height of the caps. 
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We saw in our first clmpter how great a wast« of fuel is ii 
ill attempting to heat hy means of the open fire-place as it 
constructed. Absurd as it may sound, it is easily demonstrated by I 
reasoning from the experiiuentB there described, that to heat the I 
rooms of a public buildmg, like, say, our State House, to the temper- | 
ature given by the present apparatus, a thousand tons of coal a day f 
burned in open fire-places, witSiout help of other heaters, would n ' 
suffice, because the draught has Xa be supplied entirely by the air 
zero from withouL If one single immense fire-place could be used to 
do the work, it would have to be as large as the United States Senate 
Chamber, a raging fire kept burning in it at a white heat, while the 
draught induced, if brought throu^^h a single opening a couple of 
meters square, would sweep everything before it with the fury of a 
hurricane. A fira-place built on such a grand scale would almost 
pay for its construction in presenting us with a picture of our ex- 
travaeaace vivid enough to lead us to attempt a saving ; while small 
fire-places scattered in different buildings, but burning the same 
amount of fuel at an equal disadvantage, leave us still indifFereut. 

Returning again, with the improvements in mind which we have 
herebefore dBscribed, to our "ideal firB-place," to sec how far such [ 
a saving is poRsible, and to what extent the ideal may be realized, we 
find a 

REAL FIKE -PLACE, 

giving us the following: — 

(1.) All the heat generated by the combustion of the fuel may bo I 
utilized in heating and ventilating the house by the use of the dis- 
tribntors, and the combustion of the fuel may be made complete b^ 
using the modified form of the fire-place of Touet-Chambor in com- 
bination with the distributors. 

(2.) The supply of fresh air introduced into the house, to take the 
place of the foul air removed, is as pure as the source without from 
which it is drawn. It is warmed in winter to a temperature somi 
what below that of the room ; may be moistened enough (with m 
dinary furnace evaporating-pans attached to the distributor, if neces- I 
sary} to give it its proper hygrometric condition; abundant enough f 
to supply amply the fii^ occupants, and gas-burners; so distributed I 
and located at its entrance as to cause no perceptible draught at any I 
point; the gentle air-current so directed that it reaches every part [ 
of the room ; so steady that no part of it passes twice over the sama 
spot, or can be twice breathed by the occupants ; and so regulated by 
simple valves, like that shown in Figs. 222 and 223, as to be under 
perfect control. 

(S.) The flues include a special gas-ventilator (the left-hand flue in 
Fig. 220) so arranged that the heat generated by the combustion of 
the gas is as far as possible retained in the room, and utilized by j 
radiation from the ventilating-pipes attached to the chandeliers (Figs. I 
149 to 157), while the injurious products of combustion are removed I 
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(4.) A complete ventilation of the room is effected, both in summer 
and in winter, without opening doors and windows, by the use of 
a simple valve. 

(5.) The chimney being supplied with fresh air, and properly 
capped when necessary with a Van Noorden ventilator (Fig. 224), and 
properly constructed as to height and form as described, never smokes. 

(6.) Finally, the construction of the fire-place and flues is simple ; 
they are sufficiently durable, easily repaired in any part likely to 
require it, inexpensive, safe, and unobjectionable in appearance. 



PLATES. 

XXVIII-XXXY. 



PLATE XXVIII. 



Fire-place in the dinin-r-room nf ft. 
Cluny, Boston, built i„ TsrHs and r°"«» ^^^y of the H 

ir ^' • ''°'''' '« elaborately carver? .^ '"**°'» " ^'^''^ 
reproduct.on on account of the s/airnes?of thelctk '' '""' 



PLATE XXIX. 

Plates XXIX. and XXX. are two unexecuted designs. They are 
for a country house in stone, shown in perspective in the ATneric€m 
Architect for June 10, 1876. 

Plate XXIX. is for a fire-place of stone and brick comhine<l. The 
ceiling and sideboards are from Talbert. 



PLATE XXX. 

Rustic fire-place in stone between two window nicbes. 
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PLATE XXXI. 

Designs for two simple and inexpensive fire-places in wood. The 
upper figure represents the hall mantel of a house in Salem, re- 
constructed in 1876. The finish of this hall is in chestnut, which 
was the wood originally used. The panels are ornamented with 
carving of natural foliage (chestnut-leaves) and birds. The facing 
is of buff tiles moulded to correspond with the floral decoration. 
The opening is 1.™ 30 square. 

The lower figure gives the mantel in the hall of a house in An- 
(lover, built in 1877. It is constructed of face-brick and ash wood. 






PLATE XXXII. 

Library mantel in house on Commonwealth Avenue. The la? 
lamp brackets have ventilating caps, the educt flues bein<r shownt 
the section and in plan. The material of this fire-place and of 4' 
rest of the standing-finish in the room is cherry. 




PLATE XXXn. 



PLATE XXXIII. 

>iii.|.:r .1. ^iuM fnr n.aiitrl and coat closets opposite main staircase 
in til.- li..:: Mt ., ..a-.M.h. ccttaire built in 1880. The material is ash. 
Fip'-j'lM.r i-; r:i.-.- l.;i<-k. with tile facinirs and hearth. 






PLATE XXXIV. 

Fire-place in the pcirlor of a house on Commonwealth Avenue. 
American Architect for April 29, 1880. 



PLATE XXXV. 

Fire-place in the <rming-rooiu of the same bouse. The room is 
finished in oak throushout. 
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APPENDIX. 

HEATING AND VENTILATION OF PRIVATE HOUSES. 



GS. 177 to 180 give the first three stories and basement of a 
■storied dwelllno--house, of wliich the front elevation is shown in 
g. 183 aa previously stated. 

^n planning the heating and ventitating of a house three rules 
DDla he observed ai of vital importance : — 

(1.) Every room requiring ventilation shaald have special and 
aepeniient iiroviaion for bo3t supply and exhaunC. 
(2.) Every e\haust-fliie shoald be provided with a certain and 
natant Bup[ily of heat to act aa motive power for such time as it is 
itendeil that it should be operative. 
(3.) This motive beat sboulil be the waste heat used for warming 
e rooms, cooking, drying, lighting, or performing the regular work 
the household independent of the ventilating. 

Starting with the Sub Basement or air space under the floors the 
pply ia obtained from the basement hall through perforationfl in 
e floors. The exhaust is accomplished by means of a pipe ten cen- 
aeters in diameter pnaging through the basement W. C. and con- 
lOting with the exhaust of this closet. 

In the Boiemenl (Fig, 179), to begin with the kitchen, the supply 
fresb air should be brought in at the hottest point, i. e., near the 
nge. An opening lin the outer wall, over the range, uonnects 
itu tbe t«beet-iron range hood, which is made double to receive it- 
lie lower piece of iron is painted black to absorb tbe beat rising 
om the range. The cold air flows over tbia, takes up the heal, and 
the kitchen in a thin film or shower from the entire circumFer- 
if the hood. The air suriply is regulated by the expansion and 
gntraction of a, metallic rod passing through the range, fire, and 
reus, constructed on the principle o£ an ordinary turn'See regulator 
i|>d, BO that as the fire goes out at night the cold air supply is cut 
>ff, and the danger of freezing avoided. The register is opened and 
ut by means of a simple lever rod, pivoted so that a very minute 
panpion of the metal suffices. If made at the same time with tbe 
«nge, the coat woold be trifling, Bat after the range is set the de- 
annot be applied without an outlay neater than is jtiatifieil by 
id; in wbicli case the Icitchen supply will have to be obtained 
! usual way through door and window- cracks. The lower 
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sheet of the range hood should be lipped up around the edge ia the 
manner shown in the lower rim of the Bection of the ventilating bell 
over the ch&ndelier globes shown in Fig. 151. The entrance of the 
air may then be partially or entirely cut off in very eold weather 
when the range is iti use, by rubber strips or window sand-bags laid 
over the opening. The kitchen exhaust-pipe starts at the hood, and 
rises alongside of (he kitchen snioke-tlue its entire length, as shown 
In Fig. 137. The pipe should not be le^s than 3D cm. in diameter, 
and should be painted blaek, so as to absorb as much heat from the 
range-flue as possible. The hood will then collect all the steam, 
gases, and smiilla arising from the cooking, and direct thetn into this 
exhaust-flue, whose powerful draught will carry theni at once to the 

Aa ordinarily constructed, the ran^e hood connects with some so- 
called brick ventilating flue of insufficient siite, built in a cold wall, 
and is consequently valuelesB. An ordinary iron hood over a. range 
is liable to become inconveniently hot, and if the head of the cook 
gets overheated the whole bousebuld is likely to suffer. By build- 
ing it double and allowing the coid air to pass between the surfiiceB, 
a part of this heat is taken up in warming the entering air. 

A gas-v en ti latin); flue in the Houtbeast comer of the kitchen over 
the sink M*-barner serves as an extra exhaust when tlila gas is 
lighted. This burner is providetl with a ventilating bell on the prin- 
ciple of that shown in Vig. 168. 

Laundry Supply. — The fresh air supply is provided by a furnace 
hot-air flue. 

The txhauxt is a brick ilue adjoining the boiler flue, from which it 
receives its heat. (The drawing incorrectly represents this flue at 
some distance from the boiler flue, and not in contact with it as it 
should be.) The gaa-hurner over the wash-tubs is ventilated into 
this exhaust-flue in the same manuer with the kitchen ^as-burner. 

Drying Room. — The supply is from the laundry. The exhaust is 
a large brick flue in the side wall heated by the flat-iron heater 
smoke-pipe of tile contained within it, and by a gas jet ventilated 
like that in Fig. 170. 

Furnace Roam. — The supply is from the cold-air box, which starts 
in the front vestibule, as shown in Fig. 17S, descends in the waste 
space of the chimney stack, Fig. 179, and pusses under the brick 
steps leading from the basement hall to the furnace rooui. 

The exbaust is a 10 cm. tin flue, connecting with the drying room 
exhaust- 
TV. C. The supply is from' the back hall through perforations in 
tha lower panels of the door. 

The exhaust is a tin flue Vi cms. in diameter, which passes along 
the ceiling of the laundry and connects with the exhaust flue of the 
first story W. C. The gaa-burner with bell is ventilated into tWi 

flUf. 



The Soil-Pipe i 
through the roof. 



ililated by a four-inch i: 



a pipe passing up 
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The First Floor (Fig. 178) is ventilated aa follows : — 

Dining-Room Supply. — Fresh air is supplied hy a furnace liot-air 
flue and by a register in tlie cliininey breast connneting with the 
fresh-air chamber around the distributor. Figs. 190, 208, 191, 192, 
193. and 194. 

The exhaust is the open fire-place, whose flue is warmed by the 
raneie distributor and flue. 

Toilei Roam. — The supply is a hot-air flue from furnace, and also 
from distributor cliamber of tlie library fire-place. 

The exhaust is a continuation of the exhaust-pipe of the W. C. be- 
low, enlarged to 15 cms. in diameter. 

The gas-burner is aleo ventilated into this pipe. 

The Soil-Pipe Supply. — The soil-pipe is supplied with air through 
the man-hole over the yard ceBsponl trap. 

The exhaunt is oSected through a four-inch iron soil-pipe passing 
through the roof. 

The Stiiii;/ Supply. — Yrara the distributor chamber over tlie study 
ventilating fire-place; also from a hot-air flue of the furnace. 

Exhaust The open fire-place. 

The iras-burner is vi^nlilated as shown in Fig. 168. 

The Parlor IB ventilated in the same way with the dining-room, 
and as shown in Figs. 181, 182, 187, 188, and 189, the fire-place 
whose flue is heated by the range-flue when it is not itself in use, 

77ie Hall. — The supply is the hot-nir register from furnace. 

The exhaust is formed by the exhaust-flues generally throughout | 
the house. 

The Upper Stories are ventilated throughout after the same prin- 
ciples, as shown in Figs. 177, 180, and 187. 



Since the first part of this work was written the "Fire on the 
Hearth" heater has been materially improved. Figs. 232 and 333 ' 
represent the apparatus as it is noff made. 

The heater is enclosed in a metallic shell or air-chamber which 
insures close contact of the fresh air with all the heating surfaces ' 
and lenvea nothing to the care of the mason. The design of the 
front has also been much improved, tnakin|> the fire-place one of the 
best manufactured, especially for oflices. 

TUK -JACKSON FIRE-PLACE. I 

This ornamental and powerful heater is now manufactured by I 
Edwin A. Jackson, 315 East Twenty-eighth Street, New York. 
The manufacturers are prejiared to furnish with each grate an orna- 
mental band of metal to diminish the height of tlie opening at the 
top after the manner of a narrow blower, for eases where the 
draught of the chimney is not good. By means of this strip this fire- 
' ' ' e the chimney draught is 



Silace may be used with safety e 
eeble. 
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Since publishing tbe descrip- i 
tion and designs of the veoti- 
latinir chandeliers referred to in 
the last chapter, inquirieE have 
been made as tn their cost : 
manufacture. The construcl 
is attended nitli no mechanical 
difficulty other than is due to 
its novelty. The size and form 

of the ventilating tubes; the precautions necessary to protect iL 
from diacoloration under heat ; the proper sj-rangement rf ll»W 
BO that the products of combustion shall be carried off nithalr 
scuring the light, atid withal the necessity for carrying out tbsAl 
in an artistic manner, require considerable experience andtL 
on the part of the manufacturer. The bell over the burners iifl 
chandelier shown in Figs. 149 and 151 has its upper sorf««<| 
structed of glass set in ribs of metal radiatino' from the ii ' 
outer circle. The object of this is to pre»e'nt a dark si 
being formed on the ceiling. Over each burner a small metalliefl 
nel carries the gas products to the ventilating flues. These vtrj 
inechandeliers are manufactured by Messrs. Shreve, Crunip &M 
of Boston, under patent rights, j 
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